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FOREWORD

The Fort Hood Field Unit of the Army Research Institute for the
Behavioral and Social Sciences (ARI), by assessing the human performance
aspects of man/weapons systems evaluations in field situations, provides
support to Headquarters, TCATA (TRADOC Combined Arms Test Activity,
formerly called MASSTER--Modern Army Selected Systems Test Evaluation &
Review). A war using modern weapons systems is likely to be both intense
and short; U.S. man/weapons systems must be effective enough, immediately,
to offset greater numbers of an enemy. Cost-effective procurement of
improved and/or new combat systems requires testing that includes evalua-
tion in operational settings similar to those in which the systems
would be used, with troops representative of those who would be using the
systems in combat. The doctrine, tactics, and training packages associated
with the systems being evaluated must themselves also be tested and
refined as necessary.

For the present report, a literature survey identified target-
acquisition factors and probable threat tactics and targets. This
information then was integrated into a target-presentation methodology
which will be used in testing selected visual acquisition capabilities
of ground observers.

ARI research in this area 1s conducted as an in-house effort augmented
by contracts with organizations with unique capabilities for human
factors research. The present research was done joiptly by personnel
from the ARI Fort Hood Field Office and the Huga: sources Research
Organization (HumRRO), under contract NDAHC 19-P8-C-0025, and is responsive
to the special requirements of TCATA and the 6bjectives of RDTE Project
2Q763731A775, "Human Performance in Field Assessment," FY 1976 and 1977
Work Programs.
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TARGET PRESENTATION METHODOLOGY FOR TACTICAL FIELD EVALUATIONS

WRIEF

Requirement :

*ﬁhe research requirement was to develop a standard, general-purpose
target presentation methodology that could be employed to evaluate visual
target acquisition equipment in future US Army field tests. \

This developmental effort was directed toward the accomplishment of the
following tasks:

e The identification of the factors which influence the
target acquisition process

® The determination of the effects of these factors on the
acquisition process in a ground environment.

¢ The identification of the targets and tactics likely to
be encountered in a European battlefield environment.

o The integration of the results of the above tasks into a
standard, general-purpose presentation methodology suitable
for employment in field test evaluations.

Procedure:

As a first step in this developmental effort, a review of the mili-
tary and psychological literature was conducted to collect the information
pertlin!ng to the {a&) factors important in the target acquisition process,-
and (b)Y Threat targ~*ts and tactics likely to be encountered on the modern
battlefield. Following the review of the literature, the information
collected on these topics was integrated into a target presentation
lethodo]ogy;Y

Principal Findings:

o Analysis of the military and psychological research yielded 24
variables (eight target, seven environmental, five task, and four ob-
server variablea) which are likely to affect the visual acquisition
process for ground-to-ground target situations.

e Threat forces are basically composed of armored and mechanized
infantry units with tanks, armore- combat vehicles, and self-propelled,
tracked air defense weapon systeas constituting the primary targets on
the modern battlefield.

d Threat forces employ a wide variety of antiarmor weapon systems
which are designed to form an interlocking defense system effective over
ranges from 0 to 3500 meters. These limits basically define the kill zone
of the modern battlefield with respect to Threat antiarmor weapons.



e, Threat forces streah the attack and will reasort to the defense

only as a temporary cxpedient.

C Threat forcean traln for and plon to operate on n 24=hiour hattle~
day. Quick Atlacks may be eapectod durlog the day, while Pre’therate
Allaoka may be expectod during the night,

* Field tests of target acquisition systems should esploy the tar-
gets and study operational situations that correspond to the Threat
targets and situations likely to be encountered on the modern battlefield.

¢ Frequently in past field research, mistakes have been made with
respect to factors known to influence the acquisition process in terms of
the manner in vhich the targets have been defined and deployed in test
environments. In order that these mistakes are not repeated in futwre
field rescarch, test planners should properly account for each of the 24
factors known to affect the acquisition process, e.g., through proper
target definition, through proper test site selection, and through the
employment of good principles of experimental procedure.

Utilization of Findings:

The employment of the results of this developmental effort by test
planners and research workers during the plarning and design phases of
target acquisition field tests will improve the validity of the test
data obtained in these tests and minimize the likelihood of erroneous
teat conclusions.
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CHAPTER 1
INTRODUCTION

Since World War II considerable interest has been shown in the prob-
lem of target acquisition, i.e., the detection, identification, and
location of a target in sufficient detail to permit the effective employ-
ment of weapons.l For example, during World War II considerable research
was conducted under the auspices of the Armed Forces Vision Committee
into the problem areas of ground-to-air and air-to-ground acquisition.
More recently, interest in this area has stemmed from several sources:
(a) the development of weapon and fire-control systems that can engage
targets at ranges far in excess of the ability >f the unaided human
observer to acquire them, (b) the requirement to conduct tactical opera-
tions in jungle and other low-visibility environments, and (c) the
expectation that future military operations are likely to take place on
a 24-hour basis with a premium being placed on night operations.2 For
these reasons, the problem of target acquisition has been and is a con-
tinuing problem for the military establishment of the United States.

As a consequence of the problems created by new weapons technology
‘gnd requirements to operate in low-visibility environments, considerable
attention has been directed to the improvement of the human observer's

ability to acquire targets through the development of special sensor

1D‘zietionary of nited States Military Terms for Joint Usage. Department

of Defense, JCS Publication 1, August 1968.

2D, Jones, M. Freitag, and S. Collyer. Air-to-Ground Target Acquisition
Source Book: A Review of the Literature, Martin-Marietta Corporation,
Orlando, Florida, 1974.



systems. For example, the recent tactical operations conducted in South-
east Asia required the varicus US military services to perform their
missions under conditions of low illumination. This resulted in the
requirement to improve their capability to conduct such opcrntions.3

In turn, this need led to the development of sensors to improve the
seeing and target acquisition capabilities of military personnel on the
ground and in the air under conditions of reduced illumination.

Generally, the developmental cycle for military equipment includes
tests to determine whether the equipment meets specified design and
operational requirements. Since target acquisition devices have been
developed successively over a period of years, the specific requirements
governing their' development have varied considerably as a function of
parameters defining the particular operational environment and the nature
of the enemy and his weapon systems. One consequence of this variation

has been that the target acquisition situations employed during testing
have varied considerably between studies. This had made it extremely
difficult to compare the results of target acquisition studies except
in a broad sense.

It 18 well known from studies conducted in the laboratory and in
the field that a large number of factors influence the acquisition of
targets by the aided and unaided human eye. This generally makes it
next to impossible to study all factors in any given test. However, 1if
a standard, general-purpose target presentation methodolopy was

developed for target acquisition equipment field tests, this would

JNight Operations and the Enployment of Night Vision Devices (U), US
Army Combat Development Command, November 1964 (SECRET).




S S

facilitate future research. In particular, it would make the comparison
of studies conducted at different test sites at different times under
varying environmental conditions a much easier and more profitable task
for the researcher evaluating new equipment.

It was the purpose of the present research to develop such a target
presentation methodology for testing acquisition systems employed in a
ground combat role. As a first step in this direction, a review of the
military and psychological literature was conducted to identify those
factors likely to be important in developing a standard, general-purpose
target presentation methodology. In particular, this review was oriented
toward the identification of independent variables likely to affect
target acquisition in field environments and the determination of the
kinds of targets and tactics likely to be encountered on the battlefields
of tomorrow.

Next, based on the results of this review, the target presentation
methodology was developed. The development of this methodology was
accomplished through a logical synthesis of the identified target
acquisition factors and the targets and tactics identified as likely to
be encountered in future operational military environments. This
methodology constitutes the product of the research and is described in
full in this report along with the research base from which it was
developed.

Military Problem

In the past, military evaluations of target acquisition devices have

often been conducted under unrealistic field conditions. In some cases

this has been done deliberately, while in others it has been done because

-3 -




of the lack of an adequate methodology for developing tactically valid
target acquisition situations. For example, in some cases field evalua-
tions of target acquisition devices have been deliberately conducted under
optimal conditions in crder to determine the absolute capabilities of

these devices. While such tests are naturally favored by the developer,
the test results from these evaluations tend to present an exaggerated
picture of the capabilities of the evaluated devices. As a consequence,
the extrapolation of such results by military planners to operational situ-
ations can conceivably lead to the development of inappropriate doctrine
for the deployment of the target acquisition devices.

In other cases, field evaluations of acquisition devices have been
conducted withi; the context of situations that have not necessarily
realistically simulated potential enemy targets and/or their deployment.
Examples of tactically invalid targets are numerous: a single tank target
advancing down a long straight road toward an observer, unrealistically
colored aircraft (e.g., aircraft painted luminescent orange), and single
personnel targets walking upright across open areas without attempting to
use natural cover. Extrapolation of the results from these studies could
algo lead military planners to make inappropriate decisions with respect
to the deployment of the evaluated devices.

Finally, in some field tests of acquisition devices it has been the
case that highly critical parameters describing the exact physical con-
dicions of the evaluation have not been measured and specified in
technical reports of these investigations. Examples of such critical
parameters are the level of ambient illumination, the meteorological

visibility, and target/background contrast ratio. The failure to measure

.



and report these critical parameters has made it virtually impossible to
precisely compare the results obtained from one data collection session
to another. More importantly, it has made between-test and between-
device comparisons relatively difficult, if not impossible. Further, it
is likely that certain operational conditions which may contribute to
the obtained results of a military field test have not been assessed and
specified in test reports. Examples of such conditions would be:

(a) targets which appear at regular and/or too frequent intervals, (b)
unrealistic warning information provided to observers specifying the
target type, as well as the time and direction of approach by the target,
and (c) the representativeness of the test observers to likely acqui-
sition device users. The failure to specify these kinds of information,
in addition to making test comparisons relatively impossible, can also
lead military planners to make inappropriate decisions with respect to
evaluated target acquisition equipment.

Target acquisition is an extremely iuwportant aspect of military
operations. Current military doctrine with respect to the modern battle-
field clearly states that what can be seen can be hit, and what can be
hit can be killed.“ Thus, the side which acquires targets first has an
obvious tactical advantage. Therefore, for the purposes of planning,
for both the purchase and deployment of acquisition devices, it 1s impera-
tive that the real tactical capabilities of target acquisition devices

be known. In particular, a system for emsuring that tactically valid

4TRADOC Bulletin 8. Modern Weapona on the Modern Battlefield, US Army
Training and Doctrine Command, Fort Monroe, Virginia.




target sttuations are employed during military tests of tarpet acquisition
equipment is needed. With such a system, 1t will be possible to obtain
realistic data that can be used by military planners to fdentify target
acquisition systems that will provide the US Army with the capability to

see targets flrst on the modern battlefield.

Research Problem and Approach

The research problem in the present effort was to develop a stan-
dard, general-purpose target presentation methodolegy that could be
employed to cvaluate visual target acquisition equipment in future US
Ay field testa. 1In addition, it was necessary to identify those target
acquisition faFtors that should be measured or controlled during field
testing in order to provide a basis for between-field test comparisons.
Further, by fdentifying these factors, a basis could be established for
determining the extent actual field tests conditions approximate those
called for in a given target presentation design plan.

The research problem resolved into four basic component problems:
(1) the identification of the factors which influence the target acquisi-
tion process, (2) the determination of the effects of these factors on
the acquisition process in a ground environment, (3) the identification
of the targets and tactics likely to be encountered under various
environmental/geographical conditions in a central Furopean battleficld
environment, and (4) the intepration of the above information into a
standard, general-purpose presentation methedology suftable for employ-
ment in field test evaluations. In addition, it was determined that
guidelines for the measurement and control of relevant acquisition fac-

tors during field testing should be developed.
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As a first step in the present research, a review of the military and
psychological literature was conducted to collect the information pertain-
ing to the (a) factors important in the target acquisition process, and
(b) threat targets and tactics likely to be encountered on the modern
battlefield. Following the review of the literature, the information col-
lected on these topics was integrated into a target presentation methdology.
This methodology addresses the following subject matter areas:

a. the factors that should be evaluated and/or controlled
during a target acquisition field study,

b. the likely effects of each of the above factors on the
target acquisition process,

c. the threat targets which should be realistically simulated
during a target-acquisition field study,

d. the appropriate situations for evaluating target acquisition
systems deployed in either offensive or defensive combat roles.

This report then presents the above described target presentation
|
methodology and, in addition, the results of tﬁe review of the military

and psychological literature found to be relevant to the research problem.
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CHAPTER 2
LITERATURE REVIEW
Factors Involved in the Ground-to-Ground
Target Acquisition Process

The major nsbjective of the current research was to identify those
factors likely to be important in developing a standard, general-purpose
target presentation methodology for use in evaluations of target acqui-
sition systems in a ground combat role. To this end, a review of the
literature on visual target acquisition was conducted to identify the
behavioral, environmental, and situational variables which affect the
ability of human observers to perform visual acquisition tasks in field
situvations. Some 300 reports, books and journal articles were acquired
and examined during the course of the literature search. The literature
in this area was found not only to be extensive, but also quite diverse
in content. Therefore, it was judged appropriate in the initial stages
of the review to employ some criteria for limiting the literature sur-
veyed to material thet was directly relevant to the cpecification of
valid targets for evaluations of ground-based target acquisition systems.
As a consequence, the following criteria were employed to limit the scope
of the literature surveyed:

1. Only ground-to-ground target acquisition was considered.

In view of the fact that the results of the review were to serve as input
for specifying valid target situations for evaluations of acquisition
systems deployed in a ground combat role, it was judged appropriate to
limit the overall scope of the review primarily to studies conducted in
ground-to-ground acquisition situations. Other acquisition situations,
e.g., air-to-ground and ground-to-air, were considered only when it was
not possible to locate research conducted in a ground-to-ground acquisi-

tion situation that involved variables judged to be logically relevant
to the acquisition process in this mode.

ORI




2. Only real-time target acquisition studies were considered
for review. Studies involving photographic or recorded imagery were
generally not included. Also, computer simulations were not included.

3. Studies involving the use of optical and electro-optical
systems as aids to target acquisition were considered in addition to
studies involving unaided (naked eye) target acquisition. Practically
speaking, this restriction limited the studies considered for review to
those which directly involved the processing by the human visual system
of light reflected or emitted by a target in an acquisition sftuation.
As a consequence, studies involving target acquisition via systems such
as radar or sonar were excluded from the review.

4, While classified material was reviewed, it was not in-
cluded in this review. There were two basic reasons for this
restriction, First, it was desired that this review be generally avail-
able to the scientific community as a whole. Second, much of what is
classified in this area was not sufficiently relevant to the aims of the
review. As such, this material's inclusion would have added little real
substance.

5. The emphasis in this review was on the data provided by
studies conducted in applied field settings. Laboratory research was
generally considered only when field studies were few or were not avail-
able for certain acquisition variables.

6. For the purposcs of this review, target acquisition was
viewed as a generic term that covered not only the detection process,
but also the processes of recognition and identification. As such, the
term target acquisition was employed as a neutral term whose meaning was
largely dependent on the problem of targetingl with which the reviewed
studies were concerned. For example, if the target problem of a study
was solved when a target was detected, then acquisition was said to have
taken place.

After application of these criteria for selection of literature,
some 100 of the documents examined were deemed of sufficient relevance to
be appropriate for review in depth. Eighty-four of these were finally

chosen for inclusion in the review.

lTargeting refers to the process completed by an observer in a situation

minimally defined by the presence of some object (the target) presented
in some content (the background) and the requirement to make and report
a judgment about the target's presence with respect to some predefined
rule (criteria).

- 10 -
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It seems reasonable to assume that a commor set of factors determine

the perception c¢f objects in the visual world.2 Of course, under certain

e ——

conditions, {t is to be expected that the contribution of any factor or
group of factors may be negligible. However, to ensure adequate cx-
perimental controel and to facilitate the replication of experimental
research, it is important to explicitly account for each factor important
to the perception process. This is particularly true whenever target
acquisition research is conducted in outdoor settings.

Previous research by the present author in this problem nrcn3'6 was
guided by a theoretical orientation described by Koodworth.5 He sug-
gested that an organism's responses (measured by dependent variables,
e.g., time to detection, percent detections, accuracy of identification)
are a function of both stimulus (external) and organismic (internal)
events. As this orientation proved to be useful for organizing relevant
target acquisition literature in this prior research, it was employed

during the current review of this problem area.

2 : : 4 s R s

T. Nichols and T. Powers. PMoonliaht and Night Viedbility, HumRRO
Research Memorandum, NHuman Resources Research Orpanization, Alexandria,
Virginia, January 1964,

3J. Caviness, J. Maxey, and J. McPherson,  Targe! Petection and Kavge
Fetimation, HumRRO Techuical Report 72-34, lHuman Resources Reseatch
Organization, Alexandria, Virginia, November 1972,

4 . .

J. Caviness and J. Maxey. Deteetion of Hrien Targets, HumRRO Techuical
Report 74-4, Human Resources Research Organization, Alexandria, Virginia,
February 1974.

5R. Woodworth and H. Schlosberp. Eaperinental FPeyetiologr, New York:
Holt and Company, 1954,
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The stimulus or external events constdered for their effect on the
acquisition process fell in three broad categorfes: object (target) char-
acteristics, environmental (background) characteristics, and task
(situational) characteristics. In general, thesc categories of indepen-
dent varjiables were defined in the following ways. Object characteristics
were defined as those parameters which described the target to be ac-
quired in a given situation. Environmental characteristics were defined
as those parameters which described the physical situation in which the
target appeared. Finally, task characteristics were defined as those
parameters which delineated the rules and procedures under which the ob-
server operated during the acquisition task.

The organismic or internal events considered for their effect on the
acquisition process were those observer characteristics which could
logically affect the observer's capacity to perform the acquisition task.
In general, {t was expected that relevant {ndfvidual differences reflect
distributions of preestablished skills or abilities that differentially
assist or hinder the performance of the acquisition task.

Thus, for the purpose of this section of the report, two general
classes of variables (stimulus amd observer) were considered for their
effects on the performance of the acquisition task under field condi-
tions. In particular, it was assumed that criterfon measures of
acquisition (measures of correctness, timeliness, and accuracy) were
dependent upon object characteristics, environmental characteristics,
task characteristics, and observer characteristics. However, it should

be recognized that in "real world" situations it is generally the case

that interdependencies of one degree or another exist among these
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classes of characteristics. For example, target contrast is always
measured with respect to a particular target and a particular background.
Variations in shape are generally correlated with variations in size.
Changes in both target size and target range significantly affect the
size of the visual angle seen by an observer. The range at which a tar-
get can be expected to be available for detection often limits the amount
of visual space that must be searched during the acquisition process.
Thus, at any one time it may be expected that a number of factors will
play a part in the acquisition process. Further, due to the existence of
these interdependencies it can be expected that '"pure" examples of these
characteriétics.never exist in the natural world. Therefore, while this
review will address the effects of selected stimulus and observer char-
arteristics as if they existed in pure independent states under natural
viewing conditions, it should always be remembered that this does not

completely reflect the true situation.

Stimulus Variables
The majority of the research conducted on the problem of target
acquisition has focused on the effects of various stimulus variables.
Caviness and Maxey6 point to three reasons for this state of affairs.
First, perceptual questions have historically been the domain of experi-
mental psychology. Second, external variables are usually more
available and easier to manipulate than organismic variables. Third,

manipulation of external variables is often the most logical course for

63. Caviness and J. Maxey, op. ctt.
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the experimenter to take in determining the basis of the human perceptual
response. This disposition reflects the experimentalist's assumption
that humans are more alike in the way they behave than they are dif-
ferent. For these reasons then, target acquisition research has studied
the detection of objects in terms of their attributes and the inter-
actions of these attributes with certain environmental and task

characteristics.

Taraet Characteristics

The objects which have served as targets in acquisition studies have
varied in many different ways: size, shape, color contrast with the
background, brightness contrast, distance from the observer, duration of
exposure, and presence of motion. It is the purpose of this section of
the review to discuss the effects of these characteristics on target
acquisition.

Size. Research on the effect of target size on acquisition perfor-

mance has been conducted in the laboratory and in the field. In the
laboratory size 1s manipulated by varying the visual angle subtended by
a particular target object, usually a uniform circular disk. This manipu-
lation is accomplished by either varying the distance at which a standard
sized target is vicewed or by varying the linear size and/or area of a
target with viewing distance held constant.

In field research, target size is usually varied in one of two ways:
(a) by employing different types of targets (e.g., men, tanks, jeeps) that

vary in their physical dimensions with target-to-observer range held
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constant, or (b) by varying the number or percent of a given type of tar-
get.with viewing distance held constant. Target size (in terms of visual
angle) can also be varied by changing the viewinz distance to a given
target. However, in a field situation, changes in range are normally
highly correlated with a number of other factors which influence the
acquisition process, such as brightness contrast and color contrast.
Therefore, in order to assess the effects of size alone, the two pre-
viously described means of manipulating size are preferable.

For both laboratory and field studies the cormon finding is that,
other things being equal, as target size is increased from small values
to large values, the probability of detection increases up to and in-
cluding unity. Blackwell and Taylor's survey of laboratory studies of
visual detection7 covers a representative sample of laboratory results in
this area. In these studies circular disks of varying area were viewed
against backgrounds of uniform luminances. Observers were allowed to
view the target objects without any restrictions on the amount of time
they spent in observation. Viewing times ranged from 10 to 30 seconds.
Further, in these studies the targets were in the most favorable viewing
posii‘nn as selected by the observer. The general finding was that as
the target area increased, the 50 percert contrast threshold decreased,
i.e., acquisition performance improved.

Relatively few field studies of ground-to-ground acquisition have

manipulated the size variable. Richardson (in an analysis of data

4. Blackwell and J. Taylor. Survey of Laboratory Studies of Visual
Detection, paper presented at the NATO Seminar on Detection, Recogni-
tion, and Identification of Line-of-Sight Targets, The Hague,
Netherlands, 25-29 August 1969.
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collected during a Combat Developments Command Experimentation Center
[CDCEC) study) reported that the size of tactical ground targets was sig-
nificantly related to their detectability.8 Four classes of targets were
evaluated: personnel targets, small equipment targets (jeep, towed field
gun), medium equipment targets (2.5-ton truck, armored personnel carrier),
and large equipment targets (tank, five-ton truck). The targets were
located at 53 presurveyed locations within three range bands centering on
1000, 3000, and 5000 meters. Further, depending on the experimental con-
dition, the targets were either stationary or moving with movement being
either local (in place) or slow in a lateral direction. In order to con-
trol for differences in target range, the apparent size (i.e., the visual
angle) of each target was determined. These targets were observed during
daylight hours by military observers. In general, the detectability of
the targets increased as the size of the targets increased, e.g., percent
detections increased as target size increased.

Caviness and Maxey9 also conducted a study investigating the effect
of target size on the acquisition performance of military observers. In
this study all observations were completed without visual aids. Under con-
ditions of normal daylight illumination, observers acquired single, double,
triple-in-line, and triple-in-file personnel targets walking toward their
positions across a grassy field on the Fort Benning Military Reservation
in Georgia. They found no significant differences in the detection range

or in the time to detection for the varying target sizes investigated.

8F. Richardson. Target Acquisition Performance by Ground Observers - A
Physical Interpretation, Technical Report, Army Combat Developments
Command, Fort Ord, California, July 1968.

%5, caviness and J. Maxey, op. cit.
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Taken together, these two studies suggest that for physical target
size to matter in ground-to-ground field studies conducted under full day-
light 1llumination, the differences in the relative target size must be
quite large. Otherwise, acquisition performance will be little affected
by the size variable.

Size as a variable has also been investigated under low illumination
conditions. In a study conducted at the Japanese Infantry School during
the mid-l9308.10 infantry observers acquired single soldier, patrol size,
and unit size targets under varying conditions of low illumination with-
out visual aids. As target size increased, the range at detection also
increased. Similar results were found by Ta)'lor11 in a study conducted
under both starlight and full-moon illumination conditions. In this
study, targets were standing, kneeling, or prone infantrymen. For both
conditions of low {llumination, standing targets were easier to detect
than kneeling targets, while kneeling targets were easier to detect than
prone targets. Again, all observation was conducted without visual aids.

912 similar results

In a study conducted at Fort Knox, Kentucky, during 195
were obtained for small (e.g., two-man tents), medium (e.g., jeep), and
large (e.g., 2.5-ton truck equipment targets. As target size increased

the detection range for targets increased. All testing in this study was

10nprinciples of Night Combat," Japancee Night Combat, Part 1. Head-
quarters, US Army Forces, Far Fast, Eighth US Army Military Section,
Japanese Research Division, undated.

13, Taylor. Moonlight I: Identification of Statienmary Human Targcte,
HumRRO Research Memorandum 21, Human Resources Rescarch Organization,
Alexandria, Virginia, December 1960.

12y, Martinek, R. Tanck, and J. Mellinger. Field Evaluation of ANST-

Armoured Patrol, Research Memorandum 59-12, Personnel Research Branch,
Adjutant General's Office, November 1959.
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conducted under moonless and cloudless conditions. Subjects were dark
adapted prior to making their observatioms.

Finally, Sternberg and Banks13 (during an investigation of search
effectiveness with passive night vision devices) had observers detect
both personnel and vehicular targets under low illumination conditions.
Personnel targets were placed at near (100-300 meters) and mid (350-800
meters) distances, while vehicular targets were placed at mid and far
(800-1200 meters) distances f{rom the observer's position. This arrange-
ment was employed to conserve experimental resources, since it had been
found in earlier work that personnel targets had a low probability of
detection at the far distances, while vehicular targets had a high proba-
bility of detection at the near distances. In general, they found for
all conditions of low illumination studied that vehicular targets were
detected at a higher rate than personnel targets. However, due to the
above mentioned target placement arrangement, the advantage of size dif-
ferences in the targets for detection performance is only suggested.

These studies thus indicate that size can be a factor in acquisition
of targets by human observers under conditions of full and reduced illumi-
nation for both aided and unaided observation. However, the evidence
strongly suggests that differences in relative target size must be large
for this variable to become influential. For small differences in relative
slze, other factors arc likely to be more important in the acquisition

process.

135, Sternberg and J. Banks. Search Effectivencss with Passive Night
Viston Devices, Technical Research Report 1163, Behavior and Systems
Research Laboratory, Arlington, Virginia, June 1970.



§ﬂgﬂ_. The shape of a target is an obvious physical characteristic,
and as such, it is intuitively appealing to suppose that this char-
acteristic is an important factor in the target acquisition process. In
natural settings potential target objects varying in shape appear in the
context of other non-target objects which also tend to vary in shape.
Thus, the effect of shape variations on target acquisition performance
is likely to be influenced by the type and variety of background shapes
present during the completion of the acquisition task. In addition, due
to the presence of camouflage and the expected mobility of many potential
targets in field situations (e.g., tanks, jeeps, scout vehicles, etc.),
it may be expected that target shape will show significant variations
during the course of an engagement for particular target objects. Thus,
it may be expected that the effect of shape variations on target acqui-
sition performance in field settings will depend not only on obvious
differences in tarpet shapes, but also on the interaction of these dif-
ferences with background shape differences and the change in both target
and background shape differences over time.

Research on the effect of target shape on detection:performance has
been conducted primarily in the laboratory. No ground-to-ground acqui-
sition studies were found that specifically addressed the question of the
effect of shape on acquisition performance. Shape is a characteristic
that is very difficult to specify once one goes beyond geometrical forms.
In particular, most natural objects or man-made objects likely to be
available for detection in a field situation have complex shapes composed

of many intersecting angles and contours. Further, in manipulating this
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varfable, 1t {8 always necessary to ensure that target avea for differ-
ent shapes {8 held constant. Otherwise, any diffevences found between
differently shaped targets could also be attributed to differences in tar-
get area. For these reasons, experimental psychologists have generally
preferred to conduct rescarch on the effects of shape on detection per-
formance in laboratory situations.

One of the earliest studies concerned with the role of ghape {n the
process of detection was conducted by Helson and Pehror.la The purpose
of their study was to determine the thresholds for (a) just seeing lipht,
(b) perceiving just-noticeable form, and (¢) perceiving definite form.
Six different targets (isoscles triangle, rectangle, circle, semfcirele,
inverted "v" figure, and square) of equal area were studied. For all
forms it was found that the threshold for the detection of light was lower
than the threshold for jJust-noticeable form. In peneral, {t was found
that the threshold for just=noticeable form was twice that of the thresh-
old for the detection of light. PFurther, it wan found that the threshold
for perceiving definfte form varied as a function of the form's shape. That
{3, {t was found that some forms required less light relative to the other
forms to be correctly recopnized. For example, the rectimpular tarpet
required less light for correct recognition when compared to the other
form fnvestigated.

More recently, l-‘ux15 fuvestipated the effect of form differences on

perception. In this iuvestipation, six differvent target shapes (cirele,

140, Nelson and E. Fehrer. "The Role of Form in Perception,” Amerioan
Jowrnal of Peyohology, 1932, 44, 79-102.

15y, Pox. Viewal Divorimination an a Runetion of Stimulua Sine, Shape,

and Fdge Gradient, WADC Technical Note 57-132, Wright Afr Development
Center, Wright-Patterson AFB, Ohio, August 1957.
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irregular figure, square, triangle, cross, and star) of equal areca were
studied. Since target area was held constant in this study, there was
some variation in the perimeter-to-area ratio, but this was judged to be
minimal. In addition, targets varied in size from small (average visual
angle = 12.3 minutes) to medium (average visual angle = 65.6 minutes) to
large (average visual angle = 123.7 minutes). All targets were presented
against a homogeneous well-lighted background.

Data analysis revealed that observer detection performance was af-
fected by variations in target shape for only the medium and large sized
targets. In particular, detection thresholds were greater for the cross
and irregular shaped targets than for the circular, square, triangular,
and star shaped targets for both the medium and larpe size conditions.
For the small size condition, detection thresholds were not found to vary
significantly among the target figures.

Kristoffcraon16 has also investipated the effect of variations in
target shape on target acquisition performance. In this research the
detectability of circular and non-circular (rectangular, spoked, and
geometric shaped forms) targets, equated for arca, was investigated. In
general, his research found that non-circular tarpets had higher detection
thresholds than circular targets.

These studies scem to suggest that target shape should be a factor in

the process of target acquisition. Different shapes do appear to differ

165, kristofferson. Visual Detection aw Imfluenced by Target Form, paper
presented at Target Acquisition Symposium, Naval Training Device Center,
Orlando, Florida, November 1972,



in their relative detectability. However, in natural environments shapes
do not occur in isolation. They always occur in the context of other
shapes. As a consequence, the importance of shape for target ncquisition
in the field is lik.ly to be in terms of the discriminability of target
shape from background shape.

For example, Smith17 investigated the effect of variations in
target-background shape similarity on target acquisition performance.

In this study four target shapes were investigated: triangle, square,
pentagon, and hexagon. These shapes were presented against a background
composed of circular shapes of equal contrast and area. In all cases,
target and background shapes were presented well above threshold detec-
tion levels. It was found that as the similarity between the target and
background shapes increased, the time required to locate the target in-
creased, i.e., the ease of acquisition decreased with increased similarity
of target and background shape.

These results clearly suggest that target shape is likely to be a
factor in the acquisition of targets in a field environment, particularly
when the target appears in the context of non-target objects of similar
shape. However, this conclusion is based on the results of laboratory
work. As such, it remains to be verified by research conducted under
field conditions employing target and background shapes characteristic of

a combat environment.

Vs, smith. Time Required for Target Detection in Complex Abstract
Visual Displays, Memorandum 2900-235-R, University of Michigan,
Ann Arbor, April 1961.
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Color. The human eye is differentially sensitive to different levels
of ambient illumination. This is due to the existence of two different
kinds of receptor organs located in the retina of the eye -- rods and
cones. The central arca of the retina is composed largely of cones with
a very few rods, while in the peripheral arceas, the reverse is true.

The cone receptors mediate photopic or "daylight" vision, while the rods
mediate scotopic or "night" vision. One property of photopic vision is
that, depending upon the wavelenpths of light which reach the cone recep-
tors, objects appear to have hue or color. As the intensity of the ambient
illumination which reaches the eye is lowered, colored objects first lose
their brillancé c¢ud then become colorlcss.18 A similar result occurs

when the intensity of the illumination reaching the eye is increased to
relatively high levels.

Thus, color is a property of objects only under conditions of
photopic or daylight illumination. Within the rather wide limits of the
electromagnetic energy spectrum, only a very small part of the spectrum
affects the receptors of the eye (from about 380 to 760 nnnomctors).lg
The color manifested by objects viewed under photopic tllumination
conditions depends on the wavelengths of light reflected from the object.
For example, objects which reflect wavelengths from the upper end of the

spectrum (from 610 to 760 nanometers) will appear red, while objects which

18p, Geldard. The luman Sensee, New York: John Wiley, 1952.

19 . von ricandt. The World of FPerception, Homewood, 1l1li{nofs: Dorscy
Press, 1966.
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reflect wavelengths from the lower end of the spectrum (from 380 to 420
nanometers) will appear violet. In between these ranges, the colors of
orange, yellow, green, and blue are produced by the appropriate wave-
lengths.

In military ground combat situations, the number of colors likely to
be observed is limited compared to that experienced in non-military
environments. This is because military vehicles and equipment are
generally painted some shade of dark green or olive drab or painted in a
camouflaged pattern composed of various shades of green, brown, tan or
black. Further, personnel usually are dressed in olive drab colored
clothing or in clothing covered in a camouflaged pattern composed of
greens, browns; tans and black. As a consequence, it may be expected
that for military targets, color will be of small importance in the
acquisition process. llowever, this will be true only insofar as the
colors of military targets do not sharply differ from that of the environ-
ment in which they appear.

Field research supports this conjecture. In a study conducted by
the US Army Infantry Board at Fort Benning.zo it was found that 100 per-
cent of the observers could locate a target wearing a white T-shirt in
an area of trees and shrubs at 1400 meters. Conversely, only 10 percent
of the observers could locate a target wearing the 0C 107 field uniform
at 190 meters. Similar results were obtained by Mattimore and Wollanston

in a mid-latitude mixed forest (hardwood, white pine, and hemlock

20yser Review of Individual Camouflage. Project No. 2989, US Army
Infantry Board, Fort Benning, Georgia, March 1963.
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trces).21 In this study, a target wearing a white shirt was seen at an
average range of 124 feet [38 metetn].22 while a target wearing an OG 107
field jacket was seen at an average range of only 86 feec (26 meters].
Caviness and Maxey23 conducted a study at Fort Benning which in-
vestigated the effect of target color contrast on target acquisition.
The targets in this study wore either an olive drab uniform, a forest
green uniform, or a black pajama-type uniform. Two target backgrounds
(each correlated with a different avenue of approach) were evaluated in
this study. Analysis of their data revealed that there was an inter-
action between the type of background (avenue of approach) evaluated and
target uniform color. For one background, time to detection was least
for the black_dhiform. greatest for the olive drab uniform, and an inter-
mediate value for the forest green uniform. For the other background,
the detection time was least for the black uniform, and greater and about
equal for the olive drab and forest green uniforms. The results indicated
that by changing the background against which a colored target was ob-
served, the relative detectability of the colored target could be altered,

as was the case for the forest green targets.

21p, Anstey. Vieibility Measurement in Forested Areas, Special Report
S-4, Earth Sciences Division, US Army Natick Laboratories, Natick,
Massachusetts, November 1964.

22ror the convenience of the reader, mecasurements that were made in a
non-metric system of measurement were converted to the metric system
for purposes of camparison. These conversions were rounded to the
nearest meter and are put in brackets adjacent to the non-metric
measurement.

233, caviness and J. Maxey, op. cit.
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Finally, Skinner and Jenkins2® have found that the effectiveness of
camouflage uniforms decreases with increasing color contrast, independent
of brightness contrast. This conclusion was based on an analysis of data
collected during an investigation of the camouflage effectiveness of six

uniforms which was conducted in a light cucalyptus forest.25

In this
study, military observers searched for six headless pop-up silhouette
targets located at target-to-observer ranges of up to 50 meters. The
targets were dressed in one of six different uniforms (five disruptively-
patterned uniforms and a set of "jungle greens"). Uniform effectiveness
was defined in terms of the percentage of targets that remained un-
detected during the study. In addition, using a telephotometer, measure-
ments of the average color of the background and the uniforms was
obtained. Finally, the average length and width of a typical pattern
2lement from each uniform were determined (for the solid uniform, the
averages were arbitrarily designated zero). Collectively, these data
defined four shape factors (length, width, /TEE. and l/w; two color-
brightness contrast factors; and five color-contrast factors. Analysis
of these data revealed that a combination of pattern length and color
contrast had the highest correlation with camouflage effectiveness,

Thus, it was concluded that color contrast, independent of brightness

contrast, was a significant factor in the detection of camouflage uniforms.

241, Skinner and S. Jenkins. A Ratiomale Jor the Mesign of a Cavouflage

Uniform, MRL Report 598, Materials Research Laboratories, Maribyrnong,
Australia, 1974 (RESTRICTED).

23, Smith, D. Skinner, and S. Jenkins. A Preliminary Corparison of the

Detectabtltty of Certain Camoufiage Uniforme, DSL Report 593, Defence
Standards Laboratories, Maribyrnong, Australia, 1973 (RESTRICTED).
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Thus, it seems clear for target acquisition conducted in field cen-

vironments, that it is not so much the object color that is critical for
detection as it is the contrast of this color with the background fn
which it appears. Therefore, color contrast, not color, {s the important
variable for the acquisition process for colored objects. Further, these
studies suggest, for military targets which are typically green or brown
hued, that these targets will be difficult to detect in field situations
characterized by greens or browns. Finally, it can be expected that tar-
gets with high color contrast will be detected sooner and further away
than targets with low color contrast.

Brightness contrast. In field situations targets always appear in

the context of a background. Both targets and their backgrounds may be
characterized by the amount of light they reflect toward an observer, i.c.,
they may be characterized by their respective brightnesses. Brightness
contrast is a way of specifying the relative brightness of a target with
respect to its background. It is usually defined as the ratio of the
difference between measured target and background brightness to the
measured background brightness, i{.e.,

Contrmast =
1*1,

where Bt is the measured brightness of the target and Rb is the measured

brightness of the background. Brightness contrast is said to be positive

when the target is brighter than the background, nepative when the target
' is darker than the background, and zero when the target and backpround are

of the same brightness.




In general, for field studies of acquisition the inherent brightness
contrast of a target (contrast measured at or necar the target) is of less
significance than the apparent brightness contrast.26 Apparent contrast
is the brightness contrast of a target relative to its background
measured at the observer's eye. It 1s dependent upon several factors:
the inherent brightness contrast, the target-to-observer range, the
characteristics of the atmosphere mediating the light transmitted to the
eye, and the transfer characteristics of any visual alds employed during
observation. 1In general, apparent brightness contrast {s usually some-
what less than {nherent contrast. The reason for this is that the above
mentioned factors tend to attenuate the inherent target contrast in field
situations.

That brightness contrast is important in field studies of tarpet
acquisition ia borne out by several research efforts conducted under con-
ditions of both high and low ambient {llumination. Dobbius, Chu, and
Kindick27 found (in a study of the detectability of camouflaged targets
in a Panamanian semideciduous tropical forest) that the brightness con-
trast of the 0C 107 field uniform became a relatively more important cue
to detection as target distance was increased. CGuttman and Webster

found that the visibility of a 30-foot [nine meter) high antennae mast

26; Jones, M. Freitag, and S, Collyer. Afr-to-Grownd Tampet Aoguiettion
Source Book: A Review of the Literatire, Martin-Marietta Corporatien,
Orlando, Florida, 1974,

27p. Dobbins, R. chu, and €. Kindick. Jungle Vieton I1l:  Seasonal Vard-
attons tn Fersonnel Detectability in a Semideciducus Tropioal Ferest,
Research Report No. 8, US Army Tropic Test Center, Panama Canal Zone,
January 1967,
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was greater against a mountain (high contrast situatfon) background than
against a grass background (low contrast aituation).28 In an analysis of
target acquisition performance for ground observers using binoculars,
Richardson29 found that apparent target background contrast signifi-
cantly affected acquisition performance. Targets in this study were
military vehicles and persounel. Gee and Humphrcysao studied the detecta-
bility of colored uniforms as a function of their lightness or darkness.
They found the detectability of uniforms that were either lighter or
darker than the background was higher than the detectability of unfforms
which were about the same lightness or darkness as the background.
Finally, Dubuisson and Kindlck31 studied the detectability of moving
personnel targets dressed in two differently-colored low-contrast uni-
forms (green field uniform and black pajama-type uniform) in a jungle
environment. They found that the detectability of these uniforms was
essentfally the same for both the wet and dry scasons in this environ-

ment. All of the above studies were conducted under conditions of daylight

illumination.

28“. Guttman and R. Webster. "Determining the Detectability Range of
Camouflaged Targets," Hwmin Factore, 1972, 14, 217-225.

29?. Richardson, op. cit.

30p. Gee and A. Humphreys. User Review of Camoufloge for the Imdividual
Soldier tn the Field, US Army Engineer Research and Development
Laboratories, October 1965,

314, Dubuisson and D. Kindick. Jungle Vieton VIITI: Vieual Detection of
Moving Tawets tn a Semitrorie Forest, Interim Report, US Army Tropic
Test Center, Panama Canal Zone, October 1971.
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Similar results have been found for brightness contrast under condi-
tions of low ambient illumination. In a study conducted by the Japanese
Infantry School.32 it was found that targets silhouetted against the sky
were always more detectable than those silhouetted against a dark back-
ground. This was true for both starlight and various levels of moonlight
illumination. Observers in this study used no visual aids. Sternberg and
Banks33 found a similar result in a study designed to evaluate several
night vision aids. Targets in this study were placed in low contrast (in
front of a tree line) and in high contrast (in an open grass area) set-
tings. It was found that high contrast targets were more detectable than
low contrast targets.

Finally, van Meeteren and Zonneveld34 (in a laboratory simulation of
a night vision field problem) studied the effect of variations in target
brightness contrast on target acquisition performance. In this study
observers acquired targets under conditions of unaided and aided visual
observation. Prior to the experiment a landscape mock-up was built with
two roads which intersected in the middle of the mock-up. Scale models of
tank-sized targets, truck-sized targets, and small personnel and vehicular-
sized targets were separately placed at the intersection of the road and
photographed. In half of the photographs the road was composed of light
colored sand, while in the other half of the photographs, the road was

composed of dark colored sand. Tor targets appearing against the light

3Z"Principles of Night Combat," op. cit.

1y, Sternberg and J. Banks, op. ctt.

345, van Meceteren and F. Zonneveld. Object Recognition in Aided and

Unaided Night Vision, Report IZF 1971-7, Institute for Perception
RVO/TNO, Sonesterberg, The Netherlands, 1971.
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colored road intersection, target contrast was high, while for targets
appearing against the dark colored intersection, target contrast was low.
From these photographs, slides were prepared for presentation to the
observers during the experiment.

During the experiment these slides were randomly presented to ob-
servers on a translucent screen such that the apparent viewing distance
was 300 meters. The observers viewed the slides efther with the naked eye
or with the aid of a small Starlight Scope. The scene luminance for each
slide was controlled through neutral density tilters placed on the slide
projector lens. For both aided and unaided visfon, ambient illumination
(luminance level) and target contrast interacted. At low levels of night
illumination, recognition of targets appearing against the light background
was superior to recognition of targets appearing against the dark back-
ground. However, under conditiouns of higher illumination, recognition for
targets appearing against a dark background was superior to recognition
for targets appearing against a light background. Van Meeteren and Zon-
neveld suggested that this result may have occurred because at higher
illuminations, contrast relative to other factors, e.g., internal detail,
became less important in the acquisition process.

Taken together, these studies indicate that target brightness con-
trast is an important factor in target acquisition under conditions of
both daylight and anight {llumination. This appears to be true for both
aided and unaided observation. Further, these studies indicate a direct
relationship between contrast and acquisition, f.e., Increases in contrast
are associated with increases in detectability. However, as the van

Meeteren and Zomneveld study suppests, as other variables imcrease in
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significance, it can be expected that the contrast-detectability relation-
ship may change.

Jarget range. Target-to-observer range (distance) is one of the most
well-studied variables in the target acquisition literature. In general,
the finding has been: as target range is increased (with target size held
constant), acquisition performance declines under both low and high levels
of ambient illumination.

Dobbins and his associates at the US Army Tropic Test Center in the
Panama Canal Zone have conducted a number of studies:’s’%'37'38'39'1‘0'4]"“2

which have systematically investigated the effect of target range on

35p. Dobbins and M. Gast. Jungle Vigcion I: Effects of Dictance, Hori-

zontal Placement, and Site on Personnel Detection in a Scmideciduous
Tropteal Ferest, US Army Tropic Test Center, Panama Canal Zone, April
1964,

360. Dobbins and M. Gast. Jungle Vision II: Effects of Distance, Hori-
sontal Placement and Site om Fersomnel Detection tn an Evergreen Rain
Foregt, US Army Tropic Test Center, Panama Canal Zone, November 1964.

37p, Dobbins, M. Gast, and C. Kindick. Jungle Vision I1I: Fffects of
Seasonal Vartation on Persomnel Detcetion tn an Evergrecn Rainforest,

Research Report No. 3, US Army Tropic Test Center, Panama Canal Zone,
May 1965.

38p. pobbins, M. Gast, and- C. Kindick. Jungle Vieion IV: An Eaxploratory
Study on the Use of Yellow Lenses to Aid Fersonnel Detection in an
Evergreen Rainforest, Research Report No. 4, US Army Tropic Test
Center, Panama Canal Zone, July 1965.

39. Dobbins and C. Kindick. Jungle Vietor V: Fvaluation of Three Types
of Lenses as Aids to Fersomnel Detection in a Semidectiduous Tropical
Forest, Research Report No. 5, US Army Tropic Test Center, Panama Canal
Zone, December 1965.

40D. Dobbins and C. Kindick. Jungle Vision VI: A Cormparison Between the
Detectability of Human Targets and Standmd Vicibility Objects in an
Fvergreen Rainforest, Research Report No. 6, US Army Tropic Test Center,
Panama Canal Zone, February 1966.

MD. Dobbins, R. Chu, and C. Kindick, op. cit.

I‘ZA. Dubuisson and C. Kindick, op. eit.
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acquisition performance for personnel targets appearing in tropical en-
vironments in daylight i{llumination. In all of these studies, as the
target-to-observer range increased, the measure of acquisition performance
showed progressive decrements. This was true for both aided (glasses

with colored lenses) and unaided vision. However, the nature of this
relationship was found to depend on the type of tropical forest in which
acquisition occurred. In both the semideciduous-dry and the semideciduous-
wet forests, a normal ogive function (e.g., see Figure 1) was found to
best describe the relationship between the acquisition response and the
target-to-observer range. On the other hand, in the evergreen-dry and

the evergreen-wet forests, a linear function was found to best describe

3

this relationship.a This later finding is somewhat unusual since in

most acquisition research the normal ogive function is found to describe
the relationship between the acquisition response and target-to-observer
range. In the present case, it is likely that the linear relationship
was caused by too few long ranges and too few short ranges.

Maxey and Cavine3344 found that under daylight conditicns unaided
target acquisition performance for personnel targets declined as target-
to-observer range was increased to 100, 200, and 300 meters. Nearer
targets were detected sooner than distant targets. Also, more of the
nearer targets were detected than the distant targets. However, the
absolute effect of distance depended upon the type of terrain in which

targets appeared. In low- and mid-complexity terrains, the effect of

43p, Dobbins, R. Chu, and C. Kindick, op. ctt.
an. Maxey and J. Caviness. Target Detection in the Field, HumRRO Profes-

sional Paper 11-72, Human Resources Research Organization, Alexandria,
Virginia, May 1972.
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range was not as great as it was for high-complexity terrains. Terrain

complexity in this study reflected the relative amounts and kinds oi

vegetation that existed in the terrains studied. The relationship
between complexity and vegetation was direct, i.e., the more and varied

the vegetation, the more complex the terrain was considered to be.

TP
g

Hoffman46 studied the detectability of a Bundeswehr jeep located at
varying target-to-observer ranges by observers with and without visual
aids under conditions of daylight illumination. For both modes of
i observation, the percentage of detections decreased with distance.
However, it was found that with the visual aids (supported binoculars)

detectability was greater at all ranges than without the aids.

Richardsoh47 (in an analysis of the acquisition data collected for
f military vehicular and personnel targets under cdaylight illumination

conditions for observers using binoculars) found that target-to-observer

-

range significantly contributed to the prediction of acquisition perfor-
mance. Stollmack and Brownl‘8 also found that target-to-observer range
E significantly coatributed to the prediction of acquisition performance

of ground observers for tank targets appearing in an open field area

during daylight.

46y poffman. The Maximum Detection Range and Discovery of Land
- s Vehicles, Deutsche Forschungsanstalt fur Luft- und Raumfahrt,
Institut fur Flugfuhrung, DFL 0475, April 1968.

. “7F. Richardson, op. ci.
485 sprollmack and P, Brown. "Detection Time Analysis, in D. Howland

and G. Clark (eds.), The Tank Weapon System, Report RF-573, Ohio State
University Systems Research Group, Columbus, 1966.
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Field studies conducted under conditions of low ambient illumination
also find that target-to-observer range is an important factor in the
acquisition process. For example, Humphreys and Ce«:l‘9 found for unaided
observation that under full moonlight conditions the detection of stand-
ing and walking camouflaged personnel targets varied inversely with range

to the targets. Taylorso found that for both full-moon and no-moon

illumination, acquisition of personnel targets became progressively
worse as target-to-observer range increased. Finally, a series of
* studies conducted by Sternberg and his assoclates at the Hunter-Ligget

] Military Reservation51'52'53 also demonstrated the detrimental effect of

increased target-to-observer range on acquisition performance. In these
studies, the effect was demonstrated under various low ambient illumi-
nation conditions for observers with and without optical and electro-

optical visual aids.

497, Humphreys and D. Gee. “Experimental Design for User Review of
Camouflage for the Individual Combat Soldier," in Ay Hienam Factors
Engineering Conference, Fighth Annual, Army Research Office, Office of
Chief of Research and Degvelopment, Department of the Army, November
1962,

5OJ. Taylor, op. c¢it.

31y, Sternberg and J. Banks, op. cft.

525, Farrell, J. Banks, and J. Sternbery. Search Effectivencss with the
Starlight Seope and 7260 Binmoculars, Technical Research Report 1164,
Behavior and Systems Research Laboratory, Otfice of the Chief of
Research and Development, Arlington, Virginia, June 1970.

53J. Banks, J. Sternberp, J. Farrell, W. Dalhamer, and D. Vreuls. Effects

of Search Area Siae on Target Acquisition with Paseive Night Vieion

Devices, Technical Rescarch Report 1168, US Army Behavior and Systems

Research Laboratory (BESRL), Arlington, Virginia, February 1971.
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These studies all show the importance of target-to-observer range in
the acquisition proces;. In general, the relationship between acquisi-
tion performance and the range variable 1is an inverse functien. That is,
at near ranges acquisition performance is superior to the performance
obtained at far ranges. This relationship is reflected in the usual
finding that the cumulative probability of response is related to target-
to-observer range by the normal ogive function. However, as these studies
show, response will often depend on other variables operating during the
acquisition process. e.g., complexity of the terrain, the type of vege-
tation, mode of observation, etc. Thus, while the general effect of the
range variable on the acquisition process can be specified, the exact

relationship that will be obtained under a given set of circumstances

will depend on the extent to which these circumstances interact with
the range variable.

Target exposure. Target exposure refers to the length of time that
a target is available for acquisition by an observer. The effect of this
variable on the detection process has been studied extensively in the
laboratory. This is because under field conditions it is extremely dif-
ficult to control exact exposure times, except when expensive and complex
instrumented ranges are available. However, the findings from the few
field studies that have been conducted correspond to the findings from
laboratory studies: as exposure time is increased, acquisition perfor-
mance improves. Further, most of this research has been oriented toward
the study of briefly appearing targets. ‘'his is particularly important
for this review, since most combat targets are available for detection

for only short periods of time, e.g., seconds.

-37-
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One example of the effect of variations in target duration on the
detection process is provided in a survey of visual detection research
conducted by Blackwell and Taylor.sa In this research observers viewed
circular targets of constant luminance which varied in size from .5
minutes of arc to 60 minutes of arc. These targets were presented against
a background whose luminance varied from 10'6 to 103 foot-lamberts. Tar-
get exposure for each combination of target size and background luminance
was varied from 1 millisecond through 3 milliseconds, 10 milliseconds, 30
milliseconds, 100 milliseconds, 200 milliseconds, 330 milliseconds, to 1
second. For each target exposure time, threshold functions relating the
50 percent contrast threshold to each value of target size and background
luminance were derived. Comparison of these functions across target
exposure times indicated that as exposure time was increased, the 50 per-
cent contrast threshold showed corresponding decrements. That is, as
exposure time was increased, detection performance improved.

Similar results have been obtained in other laboratory studies.

Synd r and Greening55 (in a study of dynamic visual acuity) found that as
exposure time was increased over values of 33 milliseconds, 67 milli-
seconds, and 100 milliseconds, the ability of observers to discriminate

detail in moving targets increased. Similarly, Crawford56 also studied

4. Blackwell and J. Taylor, op. cit,

55
H. Synder and C. Greening. The Effect of Direction and Veloeity of
Relative Motion Upon Dynamic Visual Acuity, C5-447/3111, Autonetics

D;vision. North American Aviation, Inc., Anaheim, California, January
1965.

36y, Crawford. The Ferception of Moving Objects. I: Ability and Visual
Acuity, FPRC/Memo 150a, Flying Personnel Research Committee, July 1960,
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dynamic visual acuity and found, for a constant velocity target, that as
exposure time was increased through values of 400, 500, 600, and 700 milli-
seconds, acuity thresholds decreased.

Other laboratory rcsearch indicates that the effect of target ex-
posure on the detection process is dependent on the Intensity of the target
(its brightness or luminosity) at the time of detection. For example,
Clark (as reported in Dember57) studied the detectability of a circular
target, subtending 18 minutes of arc, presented in the central fovea of
the eye. Target exposure time was varied from approximately 1 millisecond
to 1 second. The luminance of the target background was held constant at
10 foot-lamberts. For durations up to 20 milliseconds, the Bunsen-Roscoe
Law58 was found to adequately predict the brightness threshold required
for detection. However, for durations between 20 milliseconds and 80 mil-
liseconds, the contribution of time to the relationship flattened to a
straight line. Finally, for values from 170 milliseconds to about 1
second, the relationship specified by the law again became valid. Simi-
lar results were obtained when the target background luminance was reduced
to zero. In this case, the reciprocity between time and intensity extended

up to about 100 milliseconds.

574, pember. The Psychology of Perception, New York: Holt, Rinehart,
and Winston, 1965.

58The Bunsen-Roscoe Law states that for a specified exposure time (2),
the amount of energy (X) required to elicit a response is given by the
product of the target intensity (J) and the exposure time, {.e.,

Ixt = X.
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Bishop studied the effect of target duration on the detection process

59 He investipated the relative target

as a function of target brightuess.
brightness required for the cdetection and identification of various forms
as a function of target duration. Targets in this study were presented
over a range of time varying from 32 milliseconds to 4 seconds. From the
observer's point of view, the targets were slightly greenish-white in

color and subtended a visual angle of approximately 1.25 degrees. They
were presented against a greenish-white background which was illuminated

to a low photopic level of 1.5 x 10™% lumens. Target brightness was varied
over a range of values from 1.5 x 10-3 lumens to 100 x 1073 lumens. Tar-
gets were projected on a rear projection screen via a slide projector.
Overall, the cphditions of the experiment were judged to approximate the
visual requirements for the observation of a distantly located tank-

sized target through a Starlight Scope with low ambient illumination.

It was found that the target brightness required for criterion detec-
tion and identification performance decreased as the target exposure time
was increased from 32 milliseconds up to values from 100 milliseconds to
170 milliseconds. This reciprocity between target intensity and target
duration appeared to follow the Bunsen-Roscoe Law. However, for exposure
times greater than those in the range from 100 milliseconds to 170 milli-
seconds, the target brightness required for criterion performance remained
relatively constant. Further, the value of target brightness required for

criterion performance in this latter raunge of exposure times (170 milli-

5%, Bishep. Effects of Imformation Load, Location, and Mode -f Cbeer-
vation on Detecting and Identifying Brief Targets, HumRRO Technical
Report 72-30, Human Resources Research Organization, Alexandria,

Virginia, October 1972.
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seconds to 4 seconds) was significantly lower than the target brightness
values associated with the exposure times in the range from 32 milli-
seconds to 170 milliseconds.

These findings taken together with Clark's previously discussed
result, indicate that the acquisition of relatively short duration targets
(those presented for less than one second) is highly dependent on the tar-
get brightness at the time of detection. In particular, these results
indicate that cthe tarpget brightness required for the acquisition of such
targets is specified by the Bunsen-Roscoe Law. However, for targets with
exposure times Iin excess of one second, all the results indicate that the
target brightness required for acquisition is relatively independent of
exposure time._'These levels of target brightness are substantially lower
than that required for targets appearing for less than one second. rfhe
impact of these results for target acquisition in the ficld are clear.
Unless the target brightness of a short duration target meets or exceeds
the value required by the Bunsen-Roscoe Law, the probability of detection
will be quite small. However, for targets which are exposed for durations
in excess of one second, this limitation does not apply. In these cases,
it may be expected that acquisition will be possible for much lower target
brightness values. The exact brightness value required for detection with
targets exposed longer than one second will be a function of other situ-
ational factors such as target motion, target size, or background
illumination.

The only field studies that could be identified which have investi-
gated the effects of duration on target acquisition were completed under

conditions of low ambient illumination. The findings of these studies,

=41



however, agree with those of laboratory studies: as exposure time is
increa: ed, acquisition performance is improved. For example, Farrell,
Banks, and Sternberg60 found for target exposures of 10, 20, 30, and 90
seconds that the percent targets detected with a Starlight Scope in-
creased with increased exposure time. Further, this improvement occurred
for targets at near (50 to 100 meters), mid (101 to 200 meters), and far
ranges (201 to 300 meters). However, the improvement as a function of
increased exposure time was larger for far targets than it was for near
targets.

Banks and his nssociatcs61 (during an investigation of the effects of
search area size on acquisition performance) also studied the effects of
target duratioy'on the acquisition process. In this study observers
acquired targets using night vision aids under starlight and full-moon
{1lumination conditions. It was found that the cumulative number of tar-
gets detected over successive l5-second blocks of time increased in a
reliable fashion over the time period allotted for search Z&wo minutes).
In the first few seconds of search, only small percentages of the targets
were detected. However, by the last few seconds of search, most targets
had been detected. Similar results were obtained by Stermberg and Banks62
during an evaluation of several passive night vision devices conducted
under starlight, half-moon, and full-moon illumination conditions. Further,
in both of these studies, incrcases in the level of {llumination improved

the percent targets detected in cach block of time, i.e., more targets

were detected earlier.

6°J. Farrell, J. Banks, and J. Sternberg, op. ctit.

Sk Banks, ¢t al., op. eit.

2 ;
J. Sternberg and J. Banks, op. ctt.
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These studies thus point out a direct relationship between target ex-
posure time and acquisition performance. That is, increases in target
exposure time are associated with improvements in acquisition performance.
Therefore, in a given acquisition situation, it can be expected that ac-
quisition performance will be facilitated as exposure time is increased,
particularly in those situations where other conditions are relatively
impoverished. However, as several of the studies reviewed in this sec-
tion indicated, there is considerable variation in the exact manner in
wvhich exposure time affects acquisition performance due to the effect of
other variables. Tor example, the acquisition of short duration targets
is improved if target brightness is increased. On the other hand, if the
level of ambient illumination is reduced, target duration must be in-
creased substantially for a marked improvement in acquisition performance.

Jarget motion. The effect of target motion on acquisition perfor-
mance has been well studied in field investigations. Generally, the study
of this variable has focused on (a) the effect of the presense versus the
absence of target movement, and (b) the effect of target speed on the
acquisition process.

In general, it has been found that target movement facilitates target

63 measured the horizontal distance over which & camou-

detection. Anstey
flaged target could be seern in a tropical forest. Two methods of

observation were employed: (a) targets moved away from a stationary

observer until the observer could no longer see the targets, and (b) targets

63R. Anstey. Visibility in a Tropical Forest, Special Report S-3, Earth

Sciences Division, US Army Natick Laboratories, Natick, Massachusetts,
August 1963.
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were prepositioned and motionless in random locations. In the latter
method of observation, observers could move while they searched for tar-
gets. It waé found that targets moving away from the observer were scen
at significantly further distances than prepositioned targets. Similar
results were found by Mattimore and Wollanston for targets in a mid-
latitude forest in Sudberry, Hassachusetts.6‘ Finally, in a study of the
detection of moving targets in a tropical forest, Dobbins and Kindick65
reported that observers indicated the detection of target movement first
directed them to the target, i.e., the target motion was the primary cue
for the detection of these targets.

The above studies were conducted under conditions of daylight illumi-
nation., Studies conducted under conditions of night illumination have
also found that moving targets are more easily acquired than stationary
targets. For example, in a study conducted by the Japanese Infantry

g it was reported that stationary targets were less detectable

School,
than moving targets. In this study, both single personnel targets and
patrol-sized targets were detected at further distances when they were
moving than when they were stationar,.

However, in a study conducted at Fort Benning under conditions of
full-moon illumination, Humphreys and Cee67 found that the detection rate

for walking targets was lower than for standing, motionless targets. In

this investigation the observers were seated about 60 feet [18 meters)

64g, Anstey, op. ctt., November 1964.
65p, pobbins and C. Kindick, op. eit.
66"principles of Night Combat," op. cit.

L Humphreys and D. Gee, op. cit.
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above a very large, open grass-covered field. Targets (military personnel
dressed in camouflage uniforms) were presented in this open field at vary-
ing distances (100 to 250 meters) in front of each observer. Observers
were given two minutes in which to detect targets. During this observa-
tion period the targets either remained in place or moved around in the
general area of the position that they held at the beginning of the obser-
vation period. Thus, the viewing conditions provided observers in this
study were relatively favorable for nighttime target acquisition. How-
ever, as indicated above, the walking targets were detected at sub—’
stantially lower rates than the stationary targets. While the basis for
this paradoxical finding is not clear, it does suggest that under some
conditions targ;t motion will not necessarily facilitate the acquisition
process.

Banks and his associates68 found that under conditions of low illumi-
nation and a large search area, the detection rate for stationary and
moving targets did not appreciably differ. However, for small search
areas, moving targets were detected at a higher rate than stationary tar-
gets. Acquisition in this study was mediated by several passive night
vision devices.

Taken together, these two studies suggest that the effect of target
motion under conditions of low illumination may be moderated by the size
of the area that must be searched. However, the overall pattern of results
from these field studies suggest that target motion can, under the proper

conditions, facilitate the acquisition of targets by ground observers.

68;. Banks, et al., op. ctt.
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The question addressed by the studies reviewed above concerned only
the effects of motion, per se, on the acquisition process. An ancillary
question in this regard involves the rate at which this motion occurs.

In particular, it is important to determine to what extent variations in
target speed affect the acquisition process. Only two studies conducted
under field conditions have addressed this question. Overall, it was
found that as speed was increased, acquisition performance increased.
Stollmack and Brown%9 found that the crossing velocity of tank targets was
directly related to detection rate and inversely related to detection time.
Maxey and Caviness’0 reported a similar finding for personnel targets
appearing in three types of terrain (low, medium, and high complexity)
moving at a walk, slow run, and a fast run. However, they found that tar-
get speed Interacted with terrain complexity in the following way: For
targets appearing in the highly complex terrain, increases in target speed
brought about significant reductions in the time required for acquisition;
while for targets appearing in the low complexity terrain, increases in
target speed brought about only slight reductions in the time required for
acquisition. The results for the medium complexity terrain fell in between
those for the high and low complexity terrains.

These studies thus show, in general, that both the presence of motion
and the rate at which this motion occurs act to facilitate the accomplish-
ment of the acquisition task. They also demonstrate that (as was found to

be true with other variables reviewed in this section of the report) the

698. Stollmack and P. Brown, op. cit.

703, Maxey and J. Caviness, op. ctt.
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particular effect of target motion on acquisition may be moderated by the

operation of other variables in the acquisition situation.

Environmental Characteristics

The previous sections of this review have addressed the effects of
selected target characteristics on the acquisition process. However,
targets always appear in the context of an environment. As a consequence,
it may be expected that certain of the characteristics which define a
pnrticulny cnvironment wi’® likely affent the acquisition of targets.
Among these characteristics are: clarity of the atmosphere, level of
ambient illumination, terrain, presence and types of vegetation in the
environment, target location, position of the illuminant, and ambient
temperature., It is the purpose of this section of the review to discuss

the effects of these characteristics on the acquisition process.

The atmosphere. The atmosphere, which 1s normally thought of as

"air," 18 a colloidal suspension of particles in a mixture of pases

(oxygen, nitrogen, carbon dioxide, hydrogen, and a variety of inert pases),
including water vapor. The nature of the particles in suspension varies
according to time, location, and altftude. 1t has been shown that pure,
dry air is an almost perfect medfum for the transmission of optical images
in the visible light spectrum, In particular, the visibility in such an
atmosphere is somewhat more than 200 ml]cs.7l Howeve' , such a pure medium
never exir s in the natural world. Thus, optical transmissfon throuph the

atmosphere is limited by the presence of particles of matter in the atmosphere.

My, Wulfeck, et al. Viefon 7n Military Aviation, WANC Technical Report
58-399, Wright Air Development Center, US Alr Force, Wright-latterson
AFR, Ohio, November 1958,




The particles of matter that act to effect the transmission of light
through the atmosphere are water (in its various forms), smoke, dust, and
industrial pollutants. Typically, particles of matter concentrate in
patches or layers in the air. When these concentrations are dense they
are labeled (depending on the composition) as haze, clouds, or fog.

One consequence of the presence of these particles of matter in the
atmosphere is that light reflected from an object is attenuated. Light
from other sources 1s also added to light reflected from an object. This
is because the atmosphere tends to scatter and absorb reflected light and,
in addition, it tends to scatter daylight illumination along observer
lines-of-sight. Two examples can illustrate these processes.

Assume two personnel targets, both wearing light colored uniforms,
are viewed against a bright homogeneous sky background such that one is
seen at a near point while the other is viewed at a far point, If there
is a slight haze, the distant target will appear to be only slightly
brighter than the sky background. Since the apparent background is the
same for both targets, some of the light from the distant target must have
been iyst or attenuated in passing through the atmosphere,

Now assume that the two targets have exchanged their light colored
uniforms for dark colored uniforms and have returned to their respective
positions. The near target will now appear darker than its background,
but the far target will appear only slightly darker than its background.
This results implies that light from the atmosphere was scattered toward
the observer.

Thus, it can be seen that the atmosphere acts in two ways to reduce

the contrast of targets viewed at a distance. In fact, research conducted
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by the Tiffany Foundation’2 found that this reduction occurs exponen-
tially as a function of target range and the particular trnnsmittancc
properties of the atmosphere in the region in which the acquisition task
is being conducted. Further, these studies showed that the reduction in
apparent contrast by the atmosphere was dependent upon the condition of
the atmosphere as discussed above. For example, the reduction in con-
trast was less at all ranges for a clear day with a light smoke than for
a hazy day on which cloud coverage was 70 percent (as estimated by the
experimenter) .

Thus, it is clear that the manner in which the atmosphere transmits
light reflected from a target can affect the detectability of the target

by attenuating the contrast of the target with its background. However,

it is not clear to what extent this property of the atmosphere is fmpor-
tant for the acquisition of ground targets in field situations. This is
because studies of the effects of the presence of dust, fog, haze, rain,
smoke, and snow on the visibility of military targets are virtually non-
existent. During the course of the review of the literature, only two
studies were discovered which addressed the effects of the atmosphere on
the acquisition of military targets.
During a service test of the night vision sight, crew-served weapons,

AN/TVS-5 (second genemtion).73 ten observers attempted to observe sta-

tionary personnel and vehicular targets under conditions of fog at

g, Conant, et al. Visibility Studies and Some Applications in the Field
of Camouflage, Summary Technical Report, Division 16, National Defensc
Research Committee, Washiungton, D.C., 1946,

3. walton. Service Test of Night Vieion Sigl.t, Crew-Served Weapons, AN/

TVS-5 (Second Generation), AIB 73-561, Partial Report, US Army Infantry

Board, Fort Benning, Georgia, February 1973.
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several target-to-observer ranges. It was not clear what condition of
ambient light was employed in this phase of the service test. However,
no targets were detected by any observers.

Hoffman’4 (in a study of the acquisition of a Bundeswehr jeep under
various conditions of fllumination using both aided and unalded observa-
tion) investigated the effects of horfizontal standard visibility (a
measure of atmospheric clarity) on acquisition performance. For daylight
illumination and unaided observation, he found that the maximum distance
at which the jeep could be detected was relatively constant (between 1000
and 2000 meters) for measure”’ meteorological visibility distauces in the
range from 8 tc 56 kilometers. However, for daylight illumination condi-
tions and aided observation (15x60 field glasses), the maximum distance at
which the jeep could be detected increased as the measured meteorological
visibility increased from 8 kilometers (in 8-kilometer increments) to 56
kilometers. At the lower metcorological visibility ranges, the differ-
ences between the maximum detection distance for the jeep were small for
unaided versus aided observation., However, at the higher metecrological
visibility ranges, the differences in the maximum detection range bhecame
greater with aided acquisition being superior,

For twilight illumination conditions, the results for the acquisition
of the jeep by observers were somewhat different. As the atmospheric visi-
bility increased, the maximum distance at which the jeep was detected
increased for both aided and unaided vision. TFurther, aided vision was
always superior to unaided vision at each level of atmospheric visibilicy.
However, as the level of ambient illumination decreased, the effect of

variations in atmospheric clarity diminished.

7“u. Hoffman, op. cit.



These two field studies show that the condition of the atmosphere
clearly is important for the acquisition of military targets for both day
and night acquisition. In addition, the lack of studies in this problem
area clearly points to the need for research into the effects of smoke,
rain, snow, and other atmospheric conditions on the acquisition of mili-
tary targets.

Illumination. As discussed in a previous section of this review,
the receptors of the eye are sensitive to energy in the electromagnetic
spectrum from about 380 to 760 nanometers in wavelength. Further, it was
pointed out that the eye is differentially sensitive to different levels
of ambient illumination at each of these wavelengths due to the existence
of two different kinds of receptor organs in the retina of the eye. One
set of receptors (the cones) mediates photopic of '"daylight" vision,
while the other set (the rods) mediates scotopic or "night" vision. The
conditions for photopic vision occur when the luminance of an object,
i.e., the intensity of the reflected light, is approximately 10 milli-
lamberts and above. The conditions for scotopic vision occur when the

-1

luminance of an object 1is approximately 107" millilamberts and below.

For luminance levels between 1071 and 10 millilamberts, both the rods
and cones are operative and vision is said to be mixed (mesopic).75
An additional fa-:tor to be considered with respect to the effect of

light on the eye is the state of adaptation of the eye with respect to

the intensity of the light. At any given moment the cye is either light

15, Ripgs. '"Light as a Stimulus for Vision," in C. Graham (ed.),
Vision and Visual Perception, New York: John Wiley, 1965.



or dark adapted or is in the process of adaptation. Adaptation refers to
the fact that, under stimulation by light, the retina progressively loses
its sensitivity to light, while in the absence of light the retina re-
gains 1its sensitivity.76 Under normal conditions of illumination,
thresholds for the detection of light are much higher than for lower
levels of illumination. If the eye is kept in darkness for progressively
longer periods of time, the threshold for light detection drops. If this
process is continued for approximately 30 minutes, the eye hecome maxi-
mally responsive to light, i.e., light detection thresholds reach a
minimum level. This adaptation occurs first for the cones and then for
the rods in the retina of the eye. The impact of this phenomenon for
target acquisition is that the observer's eye must be adapted to the il-
lumination conditions of the acquisition task before reliable acquisition
performance can be measured.

The level of ambient illumination in a given geographical area, i.e.,
the amount of light incident on this area, is dependent, for the most part,
on the time of day and the extent to which incident light is attenuated
by cloud cover or other ﬁbteorological phenomenae. Table 1 presents
approximate levels of amhient sky illumination measured in foot-candles
for the day and night sky under various conditions. From this table it
can be seen that the level of scene illumination varies from relatively
high levels (1 ~ 1.3 x 104 foot-candles) to relatively low levels (1.0 x
1072 foot-candles) as the conditions change from daytime with direct sun-

light and no cloud cover to nighttime with starlight and cloud cover.

76f, Geldard, op. cit.




Table 1. Ambient Illumination for Day .and Night
Sky Under Various Conditions 77

Day/Night Ambient Illumination
Condi tions Level (Foot-Candles)
Ful) Daylight (Direct) 1-1.3x 10
Full Daylight (Indirect) 1-2.0x 103
Overcast Day 1.0 x 102
Very Dark Day (Sunrise/Sunset) 1.0 x 10]
Twilight 1.0 x 100
Deep Twilight 1.0 x 107!
Ful1-Moon 1.0 x 10°2
Quarter-Moon 1.0 x 10-3
Starlight (Clear) 1.0 x 1074
Starlight (Overcast Sky) 1.0 x 107

17p, Jones, et al, op. cit., p. 3-44.
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In particular, it is to be expected that target acquisition performance,
under conditions of low ambient {illumination (e.p., those levels which
typically occur during the nighttime hours), will be inferfor to the per-
formance obtained under conditions of high ambient illumination (e.g.,
those levels which typically occur during the daytime hours). Field
studies bear out this conjecture. For example, researchers of the Vertex
Corporation78 found (during the verification test of a combat system model
for ground-based operations) that the average detection rang: for person-
nel targets was significantly greater for daylight targets than it was for
targets appearing under night conditions (122 versue 60 meters). Research-
o;; at Fort Hood, Texas.79 reported a similar finding. During a fileld
test these work;rs investigated the capability of armored cavalry troops
to complete surveillance and target acquisition tasks under day and night-
time operational conditions. The results of the evaluation indicated that
night performance was degraded by 30 percent when compared to day perfor-
mance Iin the areas of surveillance, target acquisition, and cross-country
movement .

However, the results of these studies represent comparisons of per-
formance for only prossly defined illumination conditions which presumably
differed from each other by a substanial margin. Unfortunately, such

results do not indicate {f acquisition performance can be expected to

show improvements as the level of ambient illumination is increased over

7%1. thilders, R. Shook, E. Fellin, P. Lerch, and P. Michelsen. Verifi-
catton Report for SIAF System: Report of Teet, SIAF Report No. 21,
The Vertex Corporation, Bethesda, Maryland, September 1971.

7?Anmorcd Cavalry Troop Test, Executive Summary, United States Army,

January 1972,
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all illumination levels likely to be encountered in natural field set-
tings. From the results of laboratory and field investigations to be
discussed below, it does appear that there is some limitation in the amount
of improvement that can be expected in acquisition performance as 11lumi-
nation is iIncreased. In particular, these studies indicate that
acquisition perfoimance is affected more by variations in {llumination
during conditions of low ambient lighting (less than one foot-candle) than
during conditions of moderate to high ambient lighting (preater than one
foot candle). .

Chapnn1880 has discussed the rclntionship'hotwovn visual acuity (the
ability to resolve small objects and to distinguish fine detail) and
background lumihance in some detail. In this discussion, a curve repre-
senting the data of six investigations on visual acuity as a function of
background luminance was presented. This curve related the actual size of
the smallest detail that could be detected by observers as a function of
background luminances from -3 log millilamberts to 4 log millilamberts.
This curve is reproduced in Figure 2. Two important results are presented
by this function. First, as background luminance was increased from -3
log millilamberts to about 0 log milliloamberts (]0'3 millilamberts to 1
millilambert), substantial improvements occurred in the smallest visual
angle that could be detected. Second, as background luminance was in-
creased from about 0 lop millilamberts to 4 log midllilamberts (1 milli-

lambert to 10,000 millilamberts), there was very little or no improvement

80
A. Chapanis. "How We See: A Summary of Basic Principles," in A Swrvey

Report on Human Factors tn Undersea Werfure, preparecd by the Panel on
Psychology and Physiolopy, Committee on Undersea Warfare, National
Research Council, Washington, D.C., 1949, pp 3-60.
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in the smallest visual angle that could be detected. These results thus
suggest that substantial improvements in acquisition performance may be
expected for only luminance values in the lower ranges of background
luminance. Further, they indicate that for the upper values of back-
ground luminance, successive increments in luminance can be expected to
have only minimal or no effect on acquisition performance in field set-
tings. Field research supports these conclusions.

For example, Dobbins and his associates have found no consistent
relationship between variations in daylight fllumination (measured in
foot-candles) and the detection performance of observers for camouflaged
personnel in tropfc i au:-it environments.82 In these studies the average
horizontal illumination varied from 12 foot-candles to 194 foot-candles
measured at the observer's eye. When observers were tested in the morn-
ing and later in the afternoon, it was found that even though there were
significant changes in light levels, there were no corresponding changes
in detection performance.

On the other hand, field investigations conducted under low ambient
light conditions find that increments in illumination level generally
have substantial beneficial effects on target acquisition performance.
For example, the Japanese Infantry School study cited previously83 found
that the range at which single and multiple personnel targets were detected
increased substantially as the night illumination level increased from

starlight through one~quarter, one-half, and three-quarter phases to

82p. pobbins, R. Chu, and C. Kindick, op. cit.

83"Principles of Night Combat," op. cit.




full-moon illumination. Further, comparing the results of the starlight
conditions with those of the full-moon conditions showed that in most
cases the relative improvement ranged from 200 to 400 percent.

Similar results were obtained by Taylor84 in a study of no-moon
versus full-moon illumination. He found that the full-moon condition
extended the range of observation approximately three times that of the

no-moon condition (85 meters versus 28 meters). Targets in this study

were infantry soldiers and observation data were obtained on clear nights.

85

Hof fman®~ also found (in a study of the detectability of a Bundeswehr

jeep) that {llumination level affected target acquisition. In his study
it was found that the maximum detection range of the jeep decreased during
twilight as a 91rect function of decreases in brightness of the target
background when brightness decrements were plotted on a logarithmic scale.
This was true for both unaided and aided (10x50 and 15x60 field glasses)
vision.

Farrell and his associatesa6 found (in a study of search effective-
ness with the Starlight Scope) that as the illumination level increased
from clear starlight to full-moon illumination, the percent targets
detected using the Starlight Scope increased from 25 to 68 percent. The
greatest gains in performance occurred at the lower light levels as com-
pared to the higher light levels. For example, percent detections

increased from 25 to 38 percent (relative gain of 52 percent) as the

8l'J. Taylor, op. cit.

BSH. Hoffman, op. cit.

86J. Farrell, J. Banks, and J. Sternberg, op. cit.
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illumination level went from an average of 1.9 x 104 foot-candles (clear
starlight) to an average of 6.3 x 1074 foot-candles (cloudy starlight
plus reflected ground light). When illumination was increased from an
average of 24 x 10'“ foot-candles (half-moon) to an average of 100 x 10"4
foot-candles (full-mcon), the percent detection only increased from 59 to
68 percent, a relative gain of 15 percent. Further, this study showed
that increases in the level of illumination significantly improved the
detectability of faraway targets more than it improved the detectability
of near targets. Also, it was found that exposure time and level of il-
lumination jointly acted to affect target detectability. In general, as
both exposure time and illumination level increased, target detectability
improved with the lowest percentage of targets being detected at short
exposure and lower illumination levels and the highest percentage of tar-
gets being detected at the long exposure and higher illumination levels.

87 also found that as the ambient illumination

Sternberg and Banks
level increased, target acquisition performance improved. This study
employed several passive night vision devices (the Miniscope, the Star-
light Scope, the Crew-Served Weapons Sight, and the Night Observation
Device: Medium Range). For each of the night vision devices the per-
centage of targets detected increased, while the time to detection
decreased as the level of ambient illumination rose from an average of
9.7 x 10~° foot-candles (starlight) through an average of 140 x 1073
foot-candles (half-moon) to an average of 1100 x 10'5 foot-candles (full-

moon). Further, on the average, increases in illumination level improved

target acquisition at far distances more than at near distances.

875, Sternberg and J. Banks, op. cit.
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In this study two kinds of targets were studied: small personnel
targets at near and mid ranges, i.e., 100-350 meter and 350-800 meter
distances, respectively, and large vehicular targets at mid and far
ranges, i.e., 350-800 meter and 800-1200 meter distances, respectively.
In general, for all devices, both vehicular and personnel target detection
showed substantial improvement as illumination level increased. However,
detection of personnel targets showed more relative improvement than
detection of vehicular targets as the illumination level increased.

Banks and his associates studied the effects of varying the size of
the area to be searched during target acquisition.88 Banks, et al.,
found that increases in the illumination level from an average value of
1.1 x 10”4 foot-candles (starlight) to an average of 91 x 10-“ foot-
candles (full-moon) improved target detection performance for all sector
sizes studies (25, 35, and 75 degree sectors). This was true for obser-
vation using the Starlight Scope, the Crew-Served Weapons Sight, and the
Night Observation Device: Medium Range. Further, this improvement was
greater for targets with short exposures as compared to targets with long

exposures.

Finally, in a study of the effects of improved training on visually
aided target acquisition performance, Banks, Sternberg, Cohen, and Debow89
found that as illumination level increased (from starlight to full-moon

illumination), the percentage of targets detected increased. This was

8 :
' J. Banks, op. ctt.

895, Banks, J. Sternberg, B. Cohen, and C. Debow. Improved Search Tech-
niques with Passive Night Vision Devices, Technical Research Report 1169,
US Army Behavior and Systems Research Laboratory (BESRL), Arlington,
Virginia, February 1971.
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true for both types of training investipated (special and standard) and

as well for the two visual aids studied (Starlight Scope and the Night
Observation Dovice: Medium Range). In addition, for both visual aids

the relative improvement due to the special training was greater for star-
light 1llumination than for full-moon illumination.

The above studies all consistently show that increases in the 1llumi-
nation level are generally accompanied by improvements in target
acquisition performance. Further, they show that this is true for both
aided and unaided observation. In addition, these studfes indicate that
illumination level may interact with other acquisition parameters to af-
fect the acquisition process. For example, increases in low level
illumination sevms to improve the detection of faraway targets more than
the detection of nearby targets. Also, the detection of short exposure
targets scems to be more improved by increments in i{llumination level than
the detection of long exposure targets. This finding is in line with the
results for other previously discussed acquisition studies of situations
where two or more factors influencing acquisition were operative.

Overall, the results of the studies reviewed in this section indi-
cate that as the level of ambient illumination is increased from
relatively low levels (e.g., starlight illumination) to moderately low
levels (e.g., full-moon illumination), substantial improvements in target
acquisition performance occur. Further, these results indicate that as
the ambient {llumination level is increased from relatively moderate
levels (e.g., early morning light) to higher levels (e.p., full daylight),
little or no significant improvement in target acquisition performance is

likely to occur. This can be seen by comparing the results of the Japanese

e



Infantry School and the Taylor studies with the results of Dobbins, Chu,
and Kindick. In the former case, improvements in acquisition performance
of 300 and 400 percent were found as illumination level went from star-
light to full-moon levels. However, in the latter case, no significant
improvement in detection performance was obtained as illumination level
varied from morning to afternoon levels. Thus, it seems clear that 11lumi-
nation level is a more important variable for low illumination acquisition
than for high illumination acquisition performance.

Terrain. It is an obvious fact that the earth's surface varles con-
siderably in terms of its topography. This variation may be studied with
respect to a relatively small, local terrain area in terms of the effect
of intrinsic or unique te rain features on target acquisition. Also, it
may be studied with respect to several geop ap ically distinct areas in
terms of the effect of gross differences among these areas on target acqui-
sition. With rcspcct‘to the problem of target acquisition in natural
settings, however, two such factors (landform relief and vegetative
covetage) have direct relevance to the acquisition process. This is due to
the fact that variations in either of these factors (separately or to-
gether) may be expected to affect (a) the nature of the background againet
which targets will appear and, hence, target/background comntrast, (b) the
maximum distance at which various military targets (efther statfonary or
moving) can possibly be acquired, (c¢) the amount of time a moving target
will be uumasked and, thus, available for acquisition, and (d) the extent
to which a target will be obscured.

It is apparent that each of these terrain factors reflects a unique

aspect of the earth's topography in given geographical areas. For example,
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the relief (the irregularities or elevations of a land surface) of a spe-
cific geographic area may be flat in some places, rolling in others, and
quite hilly in still other places. Similarly, some geographic areas may
be covered in tall grasses and shrubs with a few small trees, while other
areas may be covered fn tall underbrush and interspersed with groves of
tall trees. However, the relief and vegetative coverage of a peographi-
cal area are typically correlated, as both are dependent upon climatic and
geological factors characteristic of the area. FExamples of such factors
are (a) the drainage system of the area, (b) the annual temperature and
rainfall of the area, and (c) the nature and composition of the soil found
in the area. Thus, in studying the effect of terrain variation on the
acquisition protess, {t Is necessary to be aware and to take into account
the possibility of significant. dependencies between relief and vepetative
coverage.

The fact that significant dependencies may exist between the relief
and vegetative coverage of a geographic area has penerally been recognized
by researchers working in this a-ea. As a conscquence, many of these
rescarchera have taken a holistic approach in their study of terrain ef-
fects on the acquisition process. In such studies the effect of tervain
on performance has been investigated throuph comparisons of the acquisi-
tion performance obtained in areas which were objectively very different
in terms of both relief and vegetative cover or which were subjectively
judped to be very different by either the experimenter or groups of judpes.

For example, Stollmack and Brown?0 studied the effect of terrain on

the acquisition of tank targets by ground observers. In this study moving

905, Stollmack and P, Brown, op. ¢it.
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tanks appeared in a variety of terrain areas judped to vary in terms of a

' Conceptually, scene

subjective construct labeled "scene complexity.'
complexity was defined in terms of the presence and number of environ-
mental factors judged as likely to partially or totally conceal a target.
Operationally, scene complexity was measured in terms of the number of
avenues of approach along which a tank could advance toward an observer.
Thus, for this study, a low complexity scene (and therefore a low com-
plexity terrain) was characterized by the presence of few terrain features
and only a limited number of approaches. A high complexity scene (and
therefore a high complexity terrain) was characterized by the presence of
many terrain features and many avenues of approach. The results of the
study indicated: that as the complexity of the scene (and thus the terrain)
increased, the number of tank targets acquired per unit time decreased.
These results indicate that as the number of terrain features (irregu-
larities and vegetation) obstructing vision increase, acquisition perfor-
mance will show progressive decrements.

Similar results were obtained by Maxey and Caviness91 in a study of
the acquisition of moving personnel targets by stationary observers. In
this study the effect of terrain on acquisition performance was assessed
by having separate groups of observers acquire targets in three objectively
different terrains. In the first terrain area (labeled the low complexity
terrain), the vegetation was sparse and offered little concealment; it was
covered with tall grasses and a few small pine trees. In the second ter-

rain area (labeled the medium complexity terrain), there was much more

N5, Maxey and J. Caviness, op. ctit.
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vegetation and concealment was more plentiful; it was covered with tall
grasses and was overgrown with bushes and larger pines. Finally, in the
third terrain area (labeled the high complexity terrain), the vegetation
was greatly overgrown and concealment was extremely plentiful; tall
bushes abounded and there was a mixture of large pines and deciduous
trees. In addition, the relief of the first two terrain arcas was gen-
erally quite flat with few irregularities, while the relief of the third
terrain area was generally rolling with many surface irregularities.

The terrain arecas studied in this investigation were chosen by the
experimenters on the basis of the obvious differences described above.

As a check on this selection, Maxey and Caviness had a group of judges
(selected from the same population as the observers who completed the
acquisition task during the study) rate the cowmplexity of these terrains.
The observers werc instructed to judge the case with which personnel tar-
gets could be detected in these terrain areas. Analysis of these ratings
revealed that the judges and the experimenters were in good agreement
with respect to the judged complexity of each terrain.

Analysis of the detection data (time required for detection) collect-
ed in each of the three terrain areas revealed that as terrain complexity
increased, the time required for detection of moving personnel targets
also increased. Thus, in this case, the presence and numerosity of ter-
rain features (as this was reflected in the variations among the terrain

areas studied) were also found to restrict the detectability of tarpets.
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James and James?2 have also studied the effect of terrain differ-
ences on the acquisition of ground targets. These researchers conducted
two studies in varying geographic localities. In the first study they
found that the average visibility distance for a human target dressed in
an 0G-107 parka shell was greatest for an open coniferous forest (250-
300 feet [80-90 meters]), next greatest for a chaparral area (95 feet
[30 meters]), and least for a dense coniferous forest (65 feet [20
meters]). In the second study they found that a human target dressed in
the 0G-107 parka shell was detectable at longer ranges (820 feet [250
meters]) in an oak woodland dominated by valley and interior live oak
trees than in a chaparral area dominated by chamise, yerba senta, buck-
brush, and man2anita species (40 feet [12 meters]). Thus, these results
also indicate that as the obstructions to visibility provided by the
physical features of an area (such as vegetation) increase the acquisi-
tion performance of an observer will show substantial decrements.

Researchers of the Vertex Corporation93 have collected data which
also agree with this conclusion. “In 1969, data were obtained which at-
tempted to specify the ranges at which enemy personnel targets were
acquired in South Vietnam jungle envirorments. Later, in 1970, additional
deta were collected during the SIAF field tests in Hawail for specifying
the detection ranges of personnel targets appearing in open, brush, and

jungle environments. Finally, during the verification test of the Vertex

92J. James and W. James. Unpublished study rcported in R. Anstey,
Vietbility Measurement in Forested Areas, Special Report S-4, Earth
Sciences Division, US Army Natick Laboratories, Natick, Massachusetts,
November 1964.

93 L
H. Childers, et al., op. ctt.

- 66 -



—
e e

SIAF mathematical model at the Hunter-Ligget Military Reservation in 1971,
data were collected on the detection ranges of personnel targets appear-
ing in an open area with few trees. In general, the results of these

data collection efforts indicated that as the restrictions to visibility
decreased, the detectability of personnel targets increased. For example,
targets appearing in open areas were detected at longer ranges than in
either jungle or brush environments.

The above studies were conducted under conditions of daylight illumi-
nation. The results of these studies were consistent with respect to the
effect of terrain on target acquisition. In all cases it was found that
target acquisition performance was significantly affected by the type of
terrain area in which this performance was measured. Further, these
studies indicate that the major factor underlying this effect of terrain
was the number and extent of the obstructions to visibility provided by
the relief and/or vegetative cover characteristic of the terrain areas
studied. In particular, it was found that as the complexity of the ter-
rain (defined in either objective or subjective terms) increased, target
acquisition performance showed progressive decrements.

It i{s expected that similar results would be obtained for the effect
of similar terrain variations on acquisition performance under conditions
of low ambient illumination. Unfortunately, no studies were located which
dealt directly with this problem. As a consequence, it is not possible
at this time to make any specific statement about the effect of terrain
variations on target acquisition under low ambient lighting conditions.

The above cited studies all dealt with the effects of between-terrain

variations on target acquisition performance. However, within a given
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geographic area, it can be expected that there will be local variation in
the landform relief and/or vegetative cover. Depending upon how tarsets
are placed and come to behave with respect to local variations in these
factors, it may be expected that they will interact with these variations
to influence their detectability either positively or negatively. Thus,
local variations in relief and vegetative cover are also likely to be

important factors in the acquisition process. Field studies support this

conclusion.
Eckles and his associate594 observed (in a study of the effects of

mobility and agility on target acquisition by tank gunners) that the

g Sm—;

relief structure and vegetation of their test area served to interrupt
the gunner's view of the target so that targets were exposed for only very
short durations. 1In addition, relief structure and vegetation served to
reduce the effective size of targets through partial obscuration.

A similar finding was reported by Caviness and Maxcy95 in a study of
the acquisition of advancing personnel targets by stationary observers.
In this investigation, targets wore three different types of uniforms
(forest green, olive drab, and black) and appeared against two similar
terran backgrounds. The results of the study indicated that the relative
detectability of the forest green uniformed targets varied as a function
of the background against which they were observed. As the background :

changed, the detectability of these targets decrcased. MNowever, the

94A. Eckles, T. Garry, W. Mullen, and ll. Aschenbrenner. /HNELAST IT,
Technical Memorandum 12-73, US Army lluman Engincering Laboratory,
Aberdeen Proving Ground, Maryland, 1973,

953, caviness and J. Maxey, op. ett.
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relative detectability of black and olive green uniformed targets remain-
ed essentially the same. Since the change in background qnly affected the
detectability of the forest green targets, it seems likely that these
results were due to the interaction of the forest green targets with some
specific terrain feature (or features) present in one background but not
in the other background. Caviness and Maxey suggested these results were
due to slight differences in the local relief and vegetative cover that
existed between the two backgrounds, as well as target/background color
and brightness contrast.

Thus, it seems clear that both inter- and intra-terrain variations
can affect the detectability of targets. It may be expected for different
terrain areas located in geographically separate areas that a major ef-
fect of terrain will be in terms of target obscuration and the maximum
distance at which targets can possibly be acquired. Further, it may be
expected for a given terrain area that specific.features of the area will
likely influence target detectability through interactions with specific
target characteristics, such as contrast and target duration. The effects
of these interactions may be facilatory or inhibitory. However, the
relative importance of inter- and intra-terrain variations needs to be
studied further. Far too little literature exists in this area with
respect to ground target acquisition. As a consequence, it is possible to
draw only the most general conclusions about the effect of overall ter-
rain variations on the acquisition process.

Vegetation. In the previous section the overall effect of terrain on
the acquisition process was reviewed. It is the purpose of this section of

the review, however, to consider the effects of variations in vegetation
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cover on target acquisition. The effects of vegetation have been well
researched with respect to its effect on the acquisition process. Further,
this feature is particularly important from a practical point of view,
since it may be expected in future combat situations (at least in the
initial stages) that vegetation will be a prominent feature of the modarn
battlefield.

In areas where adequate sunlight and moisture are available, some
form of plant life grows. However, as a consequence of seasonal varia-
tions in sunlight and moisture, the amount and nature of plant life shows
substantial variation over time. Thus, it may be expected that detecta-
bility through vegetated areas will vary with time to the extent that the
vegetation in Fhese areas affects detectability and is itself variable
with season.

Only a few field studies have investigated the effects of seasonal
variation on detectability in vegetated arecas. In the first of these,

96 measured the visibility of a six-foot, man-sized

Drummond and Lackey
target covered in canvas cloth dyed a medium dark green (shade OD 8).
Detectability was studied during both summer and winter in 91 stands of
deciduous forest. The target was chosen to correspond to the dimensions

of a soldier plus his military equipment. The forest stands were all
located in the central region of the United States. Observations were made

on clear days when the sun was high. Overall, detectability (in terms of

detection distance) in deciduous stands averaged 37 percent less in the

96R, Prummond and E. Lackey. Vietbility in Some Forest Stands of the
United States, Technical Report EP-36, Quartermaster Research and
Development Command, Natick, Massachusetts, May 1956,

-7 -



summer than in the winter. In the winter the average detection distance
was 75 yards [69 meters), while in the summer the average detection dis-
tance was only 47 yards [43 meters]. However, no differences in the
average detection distance were found in evergreen stands as a function
of seasonal variations. For these stands the average detection distance
was 49 yards [45 meters], both in the summer and the winter.

The forest stands in this study were classified in terms of the
height and continuity of both the primary growth (trees) and the under-
growth (bushes, shrubs, and grasses). For stands composed of medium
height trees (30 to 75 feet tall [9 to 73 meters]}) with touching branches,
sufficient data were collected by Drummond and Lackey to allow compari-
sons between gtands with undergrowths of different heights as a function
of seasonal variations. These comparisons revealed overall that as the
height of the undergrowth decreased, the average detectability of a
standard visibility object (a man-sized target) increased. However, the
magnitude of this increment in detectability depended on the height of
the undergrowth. For example, when the undergrowth was between six and
30 feet [2 and 9 meters], the average detection distance increased from
57 to 86 yards [52 to 79 meters) as the season changed from summer to
winter, i.e., 1t increased by 50.8 percent. When the height of the
undergrowth was between three and six feet [l and 2 meters), the average
detection distance increased from 61 to 76 yards [56 to 70 meters] from
summer to winter, i.e., it increased by 24.6 percent. Finally, when the
height of the undergrowth was less than three feet [1 meter], the average
detection distance increased from 92 to 95 yards [85 to 87 meters] from

summer to winter, i.e., it increased by just 3.2 percent.

=71 -



These results suggest that the increases in detectability as a con-
sequence of seasonal variation were likely due to reductions in the
quantity and/or changes in the color of foliage available for obstructing
lines-of-sight between the observer and the target employed in this study.
In addition, these results indicate that when foliage in a given forested
area {is norﬁally obstructive to visual observation or tends to create con-
ditions for low-target contrast, a change in season associated with
reductions in this foliage (such as a change from summer to winter) will
be accompanied by substantial increments in the average detection dis-
tance. On the other hand, when the quantity of foliage is not normally
obstructive to visual observation or is not a factor in target contrast,

a change in season which affects this foliage will not appreciably affect
target detectability in a given area.

Dobbins and his associates at the Tropic Test Center in the Panama
Canal Zone have also studied the effects of seasonal variations on detect-
ability in heavily vegetated areas. Their studies were conducted in a
tropical evergreen forest located on the Atlantic slope of Panama, and
also in a tropical semideciduous forest located on the Pacific slope of
Panama. Seasonal variations in these areas are correlated with the amount
of rainfall during a given period of time. During the "wet" season the
average amount of rainfall is substantially greater than during the "dry"
season. One consequence of this is that during the dry season the leaf
mass of the vegetation usually withers to some extent and, thus, 1s less
of an obstruction to vision. Therefore, it may be expected that the
detectability of personnel targets in tropical forests will be substan-

tially greater in the dry season than in the wet season. This, in fact,
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} was found to be the case for two out of three sites studied in a tropical
semideciduous forest.97 In a later series of studies in this same forest,
the detectability of personnel targets was found to vary as expected as a
function of wet/dry season variations for oaly one of three sites studied.98
The Tropic Test Center researchers suggest that these results were due to
the nature of the vegetation at the sites studied. In particular, it was
found that the sites which showed changes in detectability as a function of
season were characterized by substantial vegetation loss (mainly in terms
of leaf drop) as the season changed from wet to dry. On the other hand,
sites which did not show substantial improvements in detectability as a
function of the change from wet to dry season were characterized by minimal
or no vegetation loss as the season changed. These results indicate that
a change from wet to dry season will affect visibility in a given area
only when the vegetation in that area shows pronounced losses as a func-
tion of the seasonal change.

This conclusion is further reflected in the results of another series
of studies conducted by Dobbins and his associates on the Atlantic slope
of Panama in a tropical evergreen forest.99 For these studies the
severity of the dry season was less than that of the dry season in the
semideciduous forest. As a consequence, leaf fall was less in the ever-
green forest during the dry season that it was in the semideciduous forest

during the dry season. The impact of this reduced severity was that the

97p. Dobbins, R. Chu, and C. Kindick, op. eit.
H 384, Dubuisson and C. Kindick, op. cit.

99D, Dobbins, M. Gast, and C. Kindick, op. cit.
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differences between wet and dry season visibilities were not significantly
different for each of three geographically separated areas in the ever-
green forest.,

Taken together, the Drummond and Lackey study and the Tropic Test
Center studies supgest that seasonal variations will be a factor in target
acquisition insofar as these variations affect the amount of foliage pres-
ent in a given geographic area which restricts visibility. If, in a given
area, the follage restricts detection distances and if foliage density
changes as a function of seasonal changes, it can be expected that visi-
bilities will increase as the season shifts to one favoring the reduction
of foliage. On the other hand, if in a given area the foliage is such
that visibilities are not restricted by its presence, then seasonal vari-
ations will not likely benefit the acquisition process. Further, if in a
given area the foliage restricts visibility, but is not affected by
seasonal variations, improvements in detectability as a function of
seasonal variations cannot be expected.

Between and within given geographic areas, the vegetative cover may
vary in terms of density (number per unit area), height, and type. This
will be true for both the primary growth of an area (trees, tall bushes,
‘etc.) and the undergrowth (small bushes, shrubs, grasses, etc.). For
example, the primary growth of an area may be dense with many tree
branches touching and, thus, provide a continuous canopy over the ground.
Alternatively, it may be relatively sparse with few or no branches touch-
ing and, thus, provide many openings for direct light to reach the

ground. The undergrowth may vary in height from a few inches (e.g.,
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mosses and lichens in a tundra area) to many feet (tall shrubs and
grasses). Finally, in a given area a wide variety of trees, shrubs,
bushes, and grasses may be found growing in close proximity to each other.
Thus, it may be expected that between differentially vepetated areas,
detectability will differ as a function of differences in the density,
height, .ind type of prevailing vegetation.

Hcwever, variations in these characteristics are not generally inde-
pendent. That is, variations in density may often be correlated with
variations in either height or vegetation type. For example, relatively
dense growths of trees are often associated with relatively sparse and
comparatively si.rt undergrowth. Alternatively, relatively dispersed
growths of trees are generally associated with dense and high undergrowth.
Tiww, the densities nf primary growth and undergrowth in forest areas tend
to be inversely relat.: However, as will be seen, the relationship is
dcpendent upon both the type of primary growth (everpgreen, deciduous, or
mixed) and the height of the primary growth, as well as the type(s) of
undergrowth (vines, shrubs, grasses, etc.). While these complex relation-
ships make classification of vegetation difficult, field research has
produced some results which may be of volue in planning for future acqui-
sition studies.

For example, in a study of 392 stands of vegetation, Drummond and
ankeyloo found that each cf the variables discussed above (taken sep-
arately) slnnificnnt]y Influenced the distance at which a man-sized target
could be scen by observers., These st.unds of vegetation represented .a wide

variety of primary growth (trees) and undergrowth (bushes, shrubs, and

1OOR. Drummond and E. lackey, op. cit.
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prasses) which differed considerably in terms of height and density. As

a censequence, a classificatfon system was employed which allowed the
primary growth and the undergrowth of each stand of vegetation to he
placed fnto one of several sub-catepories with respect to density, height,
and type of vepctatioun,

Three levels of vegetative density were investigated: continuous
growth, interrupted growth, and growth in patches or clumps. The growth
of an arca was considered to be continuous 1f the branches of the trees
or undergrowth touched each other, If the branches did not touch, it was
considered interrupted. Finally, it was considered to be growing in patches
or clumps if open space existed between various groupings of the vege-
tation, With respect to the last level of density, only three of the
stands investigated were classified i1n this manner. Thus, most of the
stands of vegetation were classified as either continuous or interrupted
for both the primary growth and the undergrowth.

For stands composed of tall (at least 75 feet [23 meters]) evergreen
trees, tall evergreen/deciduous trees, and medium (between 30 and 75 feet
[9 and 23 meters)) deciduous trees, the average detection distance was
greater when tree density was interrupted than when it was continuous.
This result was apparently due to the fact that for the interrupted stands
investigated, the undergrowth was relatively short (less than one meter),
while for the continuous stands it was relatively tall (greater than one
meter). Thus, for the interrupted stands, there were fewer obstructions
to vision provided by the undergrowth when compared to that of the contin-
uous stands. As a consequence, it was possible to acquire targets at

longer ranges under the interrupted density conditions.
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However, for stands composed of medium evergreen trees, low decid-
uous trees, low (between six and 30 feet [2 and 9 meters)) evergreen
trees, and low evergreen/deciduous trees, the average detection distance
was greater when the density was continuous than when it was interrupted.
For these stands the height of the undergrowth was approximately the
same (greater than one meter), but the density of the undergrovth changed
as a function of the density of the trees composing the stands. For the
contiruous stands, the undergrowth was generally open w th few branches
touching each other. For the interrupted stands, the undergrowth was
generally closed with many touching branches. As a consequence, it was
poss :'e to ecquire targets at longer ranges under the continuous densit)
condition in this case, since the undergrowth tended to be more open and
provided fewer obstructions to target acquisition.

Target acquisition in the forest stands studied by Drummond and
Lackey was also found to be strongly influenced by height of both the
primary growth and the undergrowth. It was found that thé average detec~
tion distance was directly related to height in primary growths composed
of evergreen and mixed evergreen/deciduous trees. In these stands
detectability was found to be greatest in the tallest stands and least
in the lowest stands. For the deciduous stands studied, it was found
that medium height stands (30 to 75 feet [9 to 23 meters]) permitted the
greatest average detection distances. In both the tall (greater than 75
feet [23 muters])) and low (six to 30 feet [2 to 9 meters]) stands, detecta-
bility was reduced to about the same level due to the presence of visual
obstructions (tall undergrowth and vines in the tall stands and dense

undergrowth and branches in the low stands). Finally, it was found that
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height of the undergrowth was negatively related to detectability, {.e.,
the taller the undergrowth, the less the average detection distance.
Drummond and Lackey also found that the type of vegetation composing
a forest had a significant effect on the average detection distance ob-
tained. For tall stands of contirucus (upper branches touching) vege-
tation, it was found that evergreen forests were much more open than
deciduous summer forests. As a consequence, detection distances were
about three times as great in the evergreen forests (average distance =
71 yards [65 meters)) than in the deciduous forests (average distance =
26 yards (24 meters]). However, for medium forest stands, it was found
that there were differences in the average detection distances for the
evergreen and deciduous forests only when the primary growth was inter-
rupted (branches did not touch each other). Under interrupted conditions,
the average detection distances obtained in the evergreen forests (average
distance = 41 yards [38 meters]) was only about half that obtained in the
deciduous forests (averuge distance = 82 yards [75 meters]). When the
primary growth was continuous for medium height forests, it was found
that the average detection distance was roughly the same (average dis-
tance, evergreen forest = 55 yards (50 meters}, and average distance,
deciduous forest = 62 yards [58 meters]). For stands in which the trees
vere relatively short, it was found that regardless of the density of the
primary growth, visibilities for the evergreen and r.:ciduous forests
were also about the same. In addition, it was found for forests in which
the vegetation was mixed evergreen and deciduous, that the evergreen
vegetation was the dominant factor in limiting the average detection dis-

tance. Finally, it was found that the presence of vines (which was very
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common in deciduous and mixed forests and rarely observed in the evergreen'’
forests) was a highly significant factor influencing target detectability.

In particular, it was found that vines tended to reduce the average detec-

tion distance by about 36 percent when they were present.

Thus, it 1s very clear that acquisition performance in forested areas
is likely to be greatly influenced by the type, height, and density of
vegetation present. In general, then, it can be expected that target
acquisition performance will be sharply restricted in areas composed of
short deciduous trees with tall, dense underbrush. On the other hand,
target acquisition performance will be optimal (all other factors equal)
in areas composed of tall evergreen trees with little or short underbrush.

Location. * Target location refers to the azimuth of a target relative
to an observer's heading. Specifically, azimuth is the horizontal direc-
tion of the target expressed as the angular separation between the
observer's heading and the target's heading. Usually, field studies of
target acquisition systematically vary target location in order to control
for the possibility of differential difficulty in detection along differ-
ent azimuths.

Dobbins and his associates have conducted a number of studies at the
US Army Tropic Test Center in the Panama Canal Zone which have systematically

investigated the effect of target location on acquiaition.101’102'103'104

101, pobbins and M. Gast, op. cit.

102p, pobbins, M. Gast, and C. Kindick, op. cit.
103p, pobbins and C. Kindick, op. ctit.

1045, pubuisson and C. Kindick, op. cit.
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Observers in these studies were given instructions to search for targets
in a 180° field. Targets were located within a 120° or 150° sector along
either five or ten predetermined azimuths. The results of these investi-
gations indicated that target acquisition was not significantly in-
fluenced by target location. In these studies, a minimum of vegete«ion
was distributed along target azimuths. This was done to preclude the
establishment of strong location clues for observers.

Anstey, in a review of visibility measurement conducted in forested
areas, concluded that whethvr a particular target azimuth will affect
detectability depends upon the density of vegetatifon along the azimuth.lo5
In particular, he found that as the density of vegetation along different
azimuths varied, acquisition performance also varied. These findings
taken together thus suggest that target location will be a factor in ac-
quisition when lines-of-sight between the target and observer are obscured
by either vegetation or some terrain feature.

However, there are at lecast two other factors to be considered with
respect to the effect of target location on ground-to-ground acquisition
performance: (a) the observer's search pattern, and (b) the correspondence
between a target's physical location and that expected by an observer.
Research conducted in an air-to-ground target acquisition situation by

106

Snyder suggests that each of these factors may be important in ground-

to-ground target acquisition. For example, Snyder found that observers

105%, Anstey, op. cit., 1964.
106". Snyder. "Dynamic Visual Search Patterns," in Visual Search, Minutes

of Symposium Conducted at the Spring Meeting of Committee on Vision
(1970), National Research Council, Washington, D.C., 1973.
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in air-to-ground situations tend to fixate their eyes on areas in the mid-
dle of their visual field. It was concluded that this search pattern was
inadequate for detecting targets that fell outside the center of the field
of view. These results imply that if the observer's search pattern does
not lead to search areas where targets are located, acquisition perfor-
mance will be lower than if the search pattern does lead him to search
locations in which targets are positioned.

Further, Snyder found that observers in an air-to~-ground acquisition
situation tend to concentrate their seérch for ground targets on terrain
areas in which targets can be logically expected to be present, c.g.,
roads, clearings. These results suggest that observers tend to have cer-
tain predispositions for conducting a search of a given area. This implies
that how successful observers will be in acquiring targets in a given
iscquisition situation will also be a function of the extent to which these
search dispositions and actual target locations correspond.

Overall, these findings indicate that the effect of target location on
acquisition performance in field situations is dependent on at least three
factors: (a) the extent to which the line-of-sight between a target and an
observer is masked by either vegetation or some terrain feature, (b) the
observer's search pattern, and (c) observer's expectations concerning tar-
get location. In particular, it may be expected that target location will
be a factor in the acquisition process when few target-to-observer lines-
of-sight are available. Location may also be a factor when targets are
located in an area infrequently searched by an observer. Finally, loca-
tion is important when target locations and observer expectations about

target location are significantly disparate.
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Position of the i1lumination source. As discussed earlier in this

review, in nature, the r:n and the moon are the significant sources of
illumination. If the time for data collection is sufficiently long during
an acquisition study, it will be observed that the elevation of the ap-
propriate illumination source (e.g., the sun or moon) will vary with
respect to the observer and the target. In addition, the azimuth of the
illumination source may also vary depending on target and observer posi-
tions. Both laboratory and field studies have shown that these chunges

in the position of the illumination source significantly affect the tar-
get acquisition process.

107 studied the effects of variations in illuminator

Gordon and Lee
azimuth and elevation in a model simulator study conducted in the labora-
tory. Targets in this investigation were olive drab colored military
personnel and vehicular models. The dependent variable in this study was
the range at which targets were detected. This study was conducted under
two illumination conditions: .02 foot-candles (three-quarter moon il-
lumination) and 2 foot-candles (mortar flare illumination). Detection
threshold functions reiating the range of the targets at detection to the
illuminator azimuths and elevations investigated in the study were sep-
arately developed for each illumination condition. These functions were

similar for both {llumination levels, with the higher illumination level

being associated with better acquisition performance. For source azimuths

1075 Gordon and G. Lee. Model Simulator Studics - Vietbility of Military
Targets as Related to Illuminant Poeition, University of Michigan,
Ann Arbor, March 1959.
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varying from 18 degrees through 45, 90 and 135 degrees to 180 degrees, it
was found that the detection ranges were longest for the end point azi-
muths (18 and 180 degrees) and shortest for the middle azimuths (45, 90
and 135 degrees). For source elevations varying from 5 degrees through

45, 90, and 135 degrees to 175 degrees, it was found that the detection
ranges were also longest for the end point elevations (5 and 175 degrees)
and shortest for the middle elevations (45, 90, and 135 degrees). In par-
ticular, the 45 degree elevation produced the shortest detection ranges.
These results were interpreted in terms of changes in the target/background
brightness contrast that occurred as a function of changes in the azimuth
and elevation of the light source. In particular, it was observed that if
a target was i]lluminated directly from the front (18 degree azimuth and 4
degree elevation), it appeared lighter than the background and, thus, had
high contrast. As the amount of direct frontlighting decreased due to
changes in azimuth or elavation, it was observed that targets became darker
and contrast decreased. As the amount of direct backlighting increased,

it was observed that targets began to cast distinct shadows which tended to
increase their contrast. Finally, as targets were illuminated directly
from the rear (180 degree azimuth and 175 degree elevation), target shadows
became maximally distinct and contrast was at its highest. Thus, the
superiority of acquisition performance for front and rear illuminated tar-
gets appeared to be due to high target/background contrasts produced by
front and rear lighting of the targets. These results thus suggest that

in field situations the position of the source with respect to observer

and target positions should be an important factor in the acquisition pro-

cess. Field investigations of acquisition support this conclusion.
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Caviness and Maxey studied the effect of illuminator position on the
acquisition of moving personnel targets in an open field during the

108 In this investigation only two illuminator positions were studied,

day.
a frontlighting positiou and a backlighting position. Their results in-
dicated that the detectability of relatively low contrast targets (green
uniformed soldiers) was significantly influenced by illuminator position,
while the detectability of relatively high contrast targets (black uni-
formed soldiers) was not. Further, it was found that backlit targets
were detected at longer ranges and in a shorter amount of time than front-
lit targets. These results suggest that backlighting probably facili-
tated the detection process by increasing the contrast of targets through
the casting of shadows toward observers.

Similar results were obtained in a study conducted by the Japanese
Infantry School for frontlit and backlit targets under conditions of low
ambient 111um1nation.109 The illuminant source in this investigation was
the moon. The moon was either behind, or in front of, the observer. In
the former case, targets were backlit, while in the latter case, they were
frontlit., For both single personnel and unit-size targets, acquisition
occurred at longer ranges under conditions of backlighting.

Thus, these studies clearly show that the position of the source of
illunmination for a field area can have a profound effect on the acqui-
sition of military targets in that area. However, it appears that the

effect of illuminator position is dependent upon the relative contrast of

1085, caviness and J. Maxey, op. cit.

109%principles of Night Combat," op. ctit,



the targets being illuminated. For low contrast targets, improvements in

detetability may be expected as the position of the light source is

E‘ varied to produce frontlighting or bicklighting. Further, it may be ex-
pected that target backlighting will be associated with higher detection

levels than target frontlighting. On the other hand, for high contrast

i targets, it may be expected that variations in illuminator position will

| be associated with only slight improvements in detectability. This is

[ because improvements in detectability through variations in illuminator
position come through substantial increases in target contrast which are

difficult to produce when contrast is already at a high level.

Ambient Temperature. The ambient temperature of a given geographic

e

environment is an obvious and easily measured characteristic. With respect

to target acquisition performance, ambient temperature is important as it
may affect performance in either a positive or negative way. The tempera-
ture of a given geographic area will vary as a function of its altitude,
its latitude, the presence or absence of certain terrain features (bodies
of water, mountains, vegetation, etc.), time of day, and season of the
year. Since military vperations are likely to be conducted under almost
any temperature condition, it is important to know what effect variations
in temperature have on the acquisition process. In addition, due to the
presence of military forces in geographic areas that have characteristic
high ambient temperatures (e.g., tropic areas such as Panama and Puerto
Rico) or very low ambient temperatures (e.g., arctic areas such as Alaska
and Iceland), it is important to know if the acquisition process is af-

fected by extreme temperatures and, if so, to what extent.
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None of the studies reviewed for this report investigated the effect
of temperature variations on the acquisition process under field condi-
tions. No studies were located which investigated the effects of extreme
heat or extreme cold on the acquisition process. Most studies reviewed
were conducted in temperate environments. In these studies no mention was
made of the effects of temperature on target acquisition. Several of the
studies reviewed were conducted under tropic temperature conditioms, but
in these investigations no mention was made of temperature effects on tar-
get acquisition performance. Finally, no target acquisition field studies
were located which had been conducted under arctic temperature conditions.

However, Sells and his assocliates have reviewed the literature con-

cerning the effects of heatllo and cold111

on human performance. Most of
the research they reviewed was conducted in laboratory settings. Several
interesting findings emerged from their work. With respect to the effects
of heat (temperatures above about 70°F) on human performance, it was found
that performance variations depended upon the intensity of the heat, the

duration of exposure to the heat, the type of task undertaken, characte-

ristics of the individuals performing the tasks under heat conditions, and

the presence or absence of other stressing conditions.

Some of their specific findings with respect to heat were:

110y, Duke, N. Findikyan, J. Anderson, and S. Sells. Stress Reviews:
Thermal Stress-lleat, Technical Report No. 11, Institute of Behavioral
Research, Texas Christian University, Fort Worth, May 1967.

U1y, Duke, N. Findikyan, and S. Sells. Stress Reviews: Thermal Stress-

Cold, Technical Report No. 8, Institute of Behavioral Research, Texas
Christian University, Fort Worth, May 1967.
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(1) In general, the greater the intensity of '.eat, the greater
the decrement in performance.

(2) In general, tolerance time decreased as the intensity of
heat increased and petfornlnce exhibited greater decrements with longer
exposure times.

(3) 1In general, there was a greater consistency for physical
tasks to show impairments under extreme heat conditions than mental tasks.
However, vigilance tasks, which are very similar to acquisition tasks,
appeared to show reliable decrements as temperature increased.

(4) As the task load (increased number of tasks) was increased,
the amount of decrement as a function of increments in the amount of heat
also increased.

(5) Acclimatized subjects were found to perform better than
unacclimatized subjects.

(6) Unskilled or inexperienced subjects showed greater perfor-
mance decrements than skilled or experienced subjects.

(7) MHighly motivated subjects were found to resist the effects
of heat on performance better than less motivated subjects.

(8) Such factors as high humidity, low air movement, and fatigue ‘
when combined with high temperatures accentuated the effects of heat. 1

With respect to the effects of cold (temperatures below about 70°F) |

on human performance, Duke, Findikyan and Sells found that the major ef-

fect of cold was to produce performance decrements in tasks for which fine
manual dexterity was important for successful task completion. Few studies

were found by these researchers involving visual tasks. However, the evi-

dence from these few studies indicate that performance in visual tasks with

no component of manual dexterity did not decline under conditions of cold.
Kobrick, however, has reported performance decrements for visual acuity and

depth judgment tasks as a function of cold temperatures.llz

1125 gkobrick. "Environmental Factors Affecting Visual Perception,” in
US Army Human Factors Research and Development Conference Report, Six-
teenth Annual Conference, Fort Bliss, Texas, October 1970, pp 165-178,
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Thus, the research on the effects of temperature on human performance
indicates that under either temperature extreme, deterioration in human
performance may occur. With respect to heat conditions, it may be that
to the extent the acquisition task is similar to vigilance tasks, some
performance decrements will likely occur in field situations. This effect
will be marked if extended operations under temperatures exceeding approxi-
mately 90'}‘113 are contemplated. Further, it may be expected that un-
skilled observers or unmotivated observers will show substantial decrements
in performance relative to skilled or experienced observers. With respect
to cold conditions, losses in visual acuity or reduced depth perception may
occur. Visual acuity or depth perception will, in turn, almost certainly
affect target acquisition performance. Since US military operations are
likely to be conducted in the future under almost any environmental condi-
tion, it would appear that the effect of temperature on the acquisition
process would be an appropriate area for research. From such research,
more definite statements with respect to the effects of heat and ¢dld vari-

ations and extremes on target acquisition performance could be made.

Task Characteristics

Conceptually, all target acquisition studies involve a minimum of
three basic components: a target, a context in which the target appears,
and an observer. The manner in which these components are related depends
on the rules and procedures governing the conduct of the task, It is the
purpose of this section of the review to consider and discuss the effects

of variations in task rules and procedures on the acquisition process.

113y, Duke, N. Findikyan, J. Anderson, and S. Sells, op. cit., p. 29.
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Observer movement. In some military situations it can be expected

that the observer will move as he attempts to acquire a target. In other
situations the observer will have to remain stationary as he attempts his
task. Field research has found that observer movement can affect acqui-

sition performance.

114 studied the effect of observer

For example, Caviness and Maxey
movement on the detection of advancing (walking) personnel targets in an
open field area. In this investigation, both moving and stationary ob~
servers searched for single personnel targets dressed in olive drab
colored uniforms. The targets advanced from the end of a long (1200
meters) field covered in tall grasses. They found that the moving ob-
servers acquired targets sooner and at longer ranges (average detection
time = 36.5 seconds and average detection range = 1053.3 meters) than did
the stationary observers (average detection time = 76.5 seconds and
average detection range = 1004.5 meters). Statistically, however, only
detection times were different for the two conditions of observer movement.

However, Ansteylls reviewed studies of target detectability in various
forested areas and noted that observer movement provided only a slight ad-
vantage in the detection of stationary targets in a mid-latitude mixed
forest. In this investigation, a stationary observer detected a stationary
personnel target dressed in an OG 107 uniform at an average distance of 70
feet [21 meters). However, in the same area, an observer who moved away
from the stationary target detected the target at an average distance of

77 feet [24 meters2. Thus, for this experimental situation, observer

movement did not imp:ove target acquisition performance.

1145, caviness and J. Maxey, op. ctit.
115R, Anstey, op. cit., 1964.
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Taken together, these results indicate that observer movement may be
a significant factor in the acquisitioun process, but only when the target
is also moving. This is probably due to the fact that moving observers
generate qualities of movement perspective (e.g., motion parallax) that
tend to accentuate the slight lateral displacements of moving targets
when they advance toward or move away from an observer. However, it should
be pointed out that these results were obtained in two separate studies
conducted in two distinctly different terrain areas (in one study, an open
field; in the other, a forested area). As a consequence, it would be ap-
propriate to investigate these conclusions under the same environmental
conditions to determine their overall validity and generality.

Size of search area. It has been found that variations in the size

of the area to be searched during an acquisition task are related to the
quality of acquisition performance.

For example, in a laboratory detection situation, Brody, Corbin, and
Volknnn116 investigated the effect of target brightness and search area
size on the acquisition of small circular targets. They found that both
the target brightness and the size of the search area significantly af-
fected the percentage of the targets detected. For very bright targets
(13.5 foot-lamberts), acquisition performance was almost perfect over the
entire range of search areas investigated (32, 64, 96, 128, and 158 degree
search areas). lowever, for very dim targets (0.58 foot-lamberts), the

percentage of targets detected decreased as the size of the search area

/
was increased over the range from 32 to 158 degrees.

116y, Brody, H. Corbin, and J. Volkman. "Stimulus Relations and Methods of
Visual Search,”" in A. Morris and E. Horne (eds.), Visual Search Tech-
niques, Publication 712, National Academy of Science, Washington, D.C.,
1960.
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117 with respect to the

Similar results were obtained by Johnston
effects of search arca size on target acquisition performance. In this
laboratory study, observers were required to locate target objects em-
bedded in displays of similar target-like objects. Three search area sizes
were investigated: 11.25, 22.50, and 45.00 degrees. For all search areas,
the size of the target and target-like objects and object density (number
of objects per unit area) were held constant. As a consequence, the
between-rbject distances were kept relatively equal and the overall dis-
play appeared relatively uniform to the observers. It was found that as
the size of the search area increased, the amount of time required to
locate the embedded target object also increased in a linear manner. How-
ever, it should be mentioned that since object density was kept constant
across the three search areas, search area size was partially confounded
with the total number of objects to be searched. As a consequence, the
above result may have also been partially due to the increased number of
objects that had to be searched in order to locate the target object.

The effect of variations in search area size on detection performance

118

has also been studied by Krendel and Wodinsky in a series of laboratory

investigations. The experimental situation in these studies required ob-
servers to find a small visual target in a broad unstructured surround (a
white screen 84 inches [2.1 meters] wide by 91.5 inches [2.3 meters]).

The results of these studies showed that as the size of the search area

117p, Johnston. Search Performance as a Function of Feripheral Acuity,
Research Report D6-57100, Boeing Company, June 1975.

118E. Krendel and J. Wodinsky. "Visual Search in Unstructured Fields,"
in A. Morris and E. Horne (eds.), Visual Search Techniques, Publication
712, National Academy of Science, Washington, D.C., 1960.
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was increased from 6.8 degrees through 18 and 32 degrees to 43 degrees,
the percentage of targets detected decreased, while the amount of time
required for detecting the target increased.

Finally, in a series of studies conducted by Banks and his associates
at the Hunter-Liggett Military Rcm:rvntion.“9 the effect of variations
in search area size on detection performance (percent detections) using
passive night vision devices was assessed under tield conditions. In the
first of these studies, Banks, et al., varied the search area size under
three 1llumination conditions: starlight, half-moon, and full moon 1l-
lumination. This effect was seen to hold over all devices tested. At the
starlight level of illumination, a decrease in the size of the search area
from 75 degrees'to either 35 or 25 degrees resulted in only small or no
improvements in acquisition performance. These results were for targets
exposed for 120 seconds. With shorter exposure times (or targets (from
15 seconds to 90 seconds inr 15-second increments), the improvement that
resulted from a decrease in the search area was substantial under both the
starlight and full-moon illumination conditions. Similar improvements in
performance were obtained in the second study of this series as the size
of the search area was reduced from 75 to 35 degrecs.l

The results of both the laboratory and field research indicate that
as the serrch area is reduced, penerally the percentage of targets detect-

ed {mproves with reductions in the time required to detect targets. In

addition, these results indicate that the effects of reductions in search

119J. Banks, et al., op. cit., 1971,

120, Banks, J. Sternberg, B. Cohen, and C. Debow, op. ctt.
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area size appear to be dependent upon the brightness of the target, the
ambient illumination level of the surround and target exposure time.
Finally, these results imply that it is exceedingly important to control
the amount of area searched during an acquisition study or in a combat
situation, since the amount of area searched will tend to affect the per-
centage of targets detected and/or the time required for detection.

Practice effects. While an observer may bring specific skills and

experience to an acquisition situation which can assist in the successful
completion of the acquisition task, it is likely that with repeated prac-
tice an observer's performance will also show some improvement. This
could be due to the operation of several factors. With practice the ob-
server may legfn to expect targets to appear only in certain areas and, as

a consequence, he will attend to just those areas during his search. Ad-

B R T -

ditionally, with practice, he may change his search strategy until he hits
on a strategy that results in a greater number of successful acquisitions. 4
Finally, with practice, his reaction time may show improvements which are

reflected in shorter acquisition times and longer acquisition ranges.

Only a limited number of field acquisition studies have focused on prac-

tice effects in target acquisition. These studies have failed to yield

evidence consistent for the existence of practice effects. For example,

Caviness and Haxey121 (in several similar acquisition studies conducted

in an open terrain area during the daytime, using olive drab uniformed
personnel targets) found that the average detection time decreased and the

average detection range increased with practice. Gordon and Lee122 found

1215, caviness and J. Maxey, op. ctt.

122, Gordon and G. Lee, op. cit.
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similiar improvements in detection performance as a function of practice.

These workers used a laboratory simulation of a ground acquisition situ-

ation and conducted their investigation under low ambient light conditions.
However, other studies on the acquisition process report no improve-

[
ment in acquisition performance as a function of practice. Dobbins and

his assoclatosln'”6 at the Tropic Test Center in the Panana Canal Zone
consistently failed to find any practice effects for acquisition perfor-
mance. In these studies observers attempted to detect personnel targets
in dense tropical forest situations under conditions of low to mederate

i{1lumination.

The basis for these contradictory findings {s not immediately clear,
At this point, without further research, ‘t can only be concluded that
practice effects may occur. As a consequence, the possibility of such
effects must be taken {nto account during the desipgn of investigations of
the acquisition process.

Search method. In the vast majority of ficld acquisition situations,
it {s usually necessary for the observer to spend some period of time in-
specting the visual environment for evidence of the target's presence.
This inspection process {s referred to as searcht.  Search may be conducted
in an uncontrolled or unstructured fashion or f{t may be conducted by some
specified procedure or plan. Fileld research has found that the method of

search employed for finding target objects can significantly affect the

quality of acquisfition performance, both {n tetms of time and correctness.

————

123p, pobbins, R. Chu, and C. Kindick, op. oft.

1247, pubuisson and C. Kindick, op. oft.
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Thomas and Carol23 studied the effect of four different methods of
visual search on the acquisition of stationary ground targets by military
observers in a low flying aircraft. In this study the observers received
training in a classroom situation in one of the four visual search proce-
dures prior to the measurenent of their acquisition performance. The four
procedures were: (1) the Forwad Fixed Method -- in which the observer
looked forward at a 45 degree angle to the line of flight and downward to
the terrain with his head in a fixed position; (2) the Forward Movement
Method -- in which the observer initially looked forward at a 45 degree
angle to the line of flight, then swept his gaze back to the rear of the
aircraft, and then repeated the procedure; (3) the Side Fixed Mcthod --
in which the opéerver looked at the terrain along a line-of-sight perpen-
dicular to the line of flight of the aircraft with his head held in a
fixed position; and (4) the Side Movement Method -- in which the observer
looked back and forth along a line-of-sight perpendicular to the line of
flight of the aircraft. Subsequent to the classroom training, the obser-
vers completed a field test during daylight hours designed to evaluate the
relative effectiveness of each of the visual search methods. The results
of the field test indicated that the Side Movement Method produced the
highest percentage of correct identifications. The two forward methods
(Forward Movement and Forward Fixed methods) produced the next best acqui-
sition performance. Finally, the Side Fixed Method was associated with

the lowest level of acquisition performance. Thus, in this case, the type

125¢ Thomas and P. Caro. Training Reeearch on Low Altitude Visual Aerial
Obgervation: A Deccription of Five Field Faxperiments, HumRRO Research
Memorandum, Human Resourccs Research Organization, Alexandria, Virginia,
July 1962.
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of search method employed by observers during testing had a significant
effect on the quality of acquisition performance obtained during the test.

126 4180 studied the effects of varying

Banks and his associates
search methods on acquisition performance. In this investigation, mili-
tary observers using various passive night vision devices received
training in specific search techniques deisgned to provide systematic and
comprehensive coverage of a search arca. These were: (1) the Digcrvete/
Overlap Search Method == in which the observer searched an area in dis-
crete steps such that there was overlap between successively searched
areas; (2) the Digcerete/No-Cverlap Secrch Method -- in which the observer
searched an area in discrete steps such that there was no overlap between
successively searched arcas; and (3) the Continuous Search Method -- in
which the observer searched an area in a continuous movement at a variable
rate, stopping only to examine an object of interest. Following this
training, the acquisition performance of the observers who received the
special scarch training was measured and compared to that of observers who
had received the standard search training. This latter training was de-
signed to familiarize observers with the acquisition situation and the
basic acquisition task. It consisted of 45 minutes of free search prac-
tice in finding targets. Evaluation of the various types of training was
conducted under two levels of low ambient illumination (starlight and
full-moon illumination) with targets at near, mid, and far distances.
Overall, the special training groups did not differ significantly from
each other in either the percentage of targets detected or the time re-

quired for target detection. However, they demonstrated higher quality

1265, Banks, J. Sternberg, B. Cohen, and C. Debow, op. cit,
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acquisition performance than the standard training group, both in terms
of improved percent detections and lowered detection time. The improve-
ment demonstrated by the special training group relative to the standard
training group was less under full-moon than under starlight fllumination
conditions. Further, the relative fmprovement demonstrated by the spe-
cial training group was greater at the far target ranges than at the neav
or mid target ranges. These resul“s suggest that special ¢raining design-

ed to teach observers to systematically and comprehensively cover a given

search area may prove superior to training designed only to familiartze
observers with the acquisition situation and the basic acquisition task.
On the other hand, several studies have found that special search

strategies do not necessarily lead to improved acquisition performance.

Cottsdankcrlz? had civilian observers find target objects of four differ-

5 -

ent types that appeared under conditions of embaddeduness or competition

(high similarity between target and non-target objects). Observers {
searched alternately, employing two search strategies. One strategy was

“free search”; that is, they could search in any manner they chose. The
alternate strategy was an {temby-{tem examination of all the objects in

the display. For both acquisition situations (embeddedness and compe-

tition) the average detection time was lower for the free search than for

the structured search strategy.

127R. Cottsdanker. '"The Relation Between the Nature of the Search Situ-
ation and the Effectivencss of Altemnative Strategles of Sectors,”
in A. Morris and F. Horne (eds.), Vienal Seareh Techniques, Publication
712, National Academy of Science, Washington, D.C., 1960.
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128 also found that structured search does not necessarily

| Baldwin
lead to improved acquisition performance. In a series of four laboratory
experiments. military observ: rs employed either free search or one of two
structured search strategies to acquire near-threshold spherical targets
presented against an open, bright background. Collectively, the results
1 of the investigations indicated that, when compared to the free search
strategy, the structured search strategies did not produce shorter acqui-
sition times.

Overall, these results clearly indicate that, in certain circum-
stances, the type of visual search strategy employed by an observer can
affect the quality of his acquisition performance. Thus, in studies of
the acquisition: process, data should be recorded which reflect the search

strategy employed by the observer. Such a procedure will account and con-~

] trol for differences in acquisition performance due to search strategy

1 variations. Further, if a particular search strategy has been tested and
! validated with respect to its effectiveness, then itL may be appropriate to
require observers to use this strategy to improve their performance.

In addition, these results indicate that whether or not a particular
l search strategy will be superior to a free strategy depends upon condi-

tions which are not totally clear at this particular time. The results of

the studies conducted by Banks and his associates suggest that the effec- 9
tiveness of specific search strategies can be dependent upon both target

and environmental variables. This would imply that the failure to find a

128z, Baldwin. Attenpts to Improve Visual Detection Through the Use of
Search Patterns and Optical Aids, HumRRO Technical Report 73-3, Human
Resources Research Organization, Alexandria, Virginia, February 1973.
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relationship between variations in search strategy and acquisition perfor-
mance in some instances may be due to operation of certain target and/or
environmental factors. This is an area that should receive attention in
future target acquisition research.

Duration of observation. Experimental studies of the acquisition

process are usually designed so that individual observations require rela-
tively small amounts of time, e.g., seconds or minutes. In some studies,
observers make only a few observations in an experimental session. Gener-
ally, these observations a:c completed successively with either short or
only moderately long intertrial intervals. In other cases, observations
are grouped into blocks of trials and completed over a number of experi-
mental sessions. Under either of these conditions, however, the total
amount of time actually spent in the acquisition of targets is usually not
very long, e.g., at most one or two hours.

There are several reasons for limiting time requirements in target
acquisition situations. First, due to either personal or job commitments,
observers are usually available for use in an acquisition study for only
limited periods of time. Thus, it is to the experimenter's advantage to
design his acquisition situations so that the most can be obtained from
an observer in a minimum amount of time. Second, for reasons of good
experimental design, it is often necessary to keep the number of obser-
vations made by a given observer to a minimum. While this procedure avoids
such problems as the development of interdependencies among observations
and minimizes practice effects, it also acts to minimize the amount of
time actually spent acquiring targets. Finally, the probability of per-

formance decrements due to fatigue or boredom is greatly reduced by
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designing studies to minimize observer experimental time in a given data
collection session.

However, in a realistic combat situation, {t cannot be expected that
the acquisition task will be conducted for only short periods of time.
In particular, it {- caticipated that future military opevations will be
conducted on a continuous basis during both day and night hours. Thus,
it may be expected that acquisition tasks in these situations may be per-
formed for relatively long periods of time on a continuous basis. As a
consequence, it is important to determine if prolonged observation {s
assoclated with significant decrements in acquisition performance.

McGrath, Harabedian, and Buckner129 have reviewed the literature on
the effects of task duration on the performance of vigilance tasks. Vigi-
lance tasks are typically defined by the following characteristics: (1)
the observer is required to perceive and report the presence or absence of
some specified and relatively infrequent change in his environment, (2)
the change (called the signal) may be addition or removal of a discrete
stimulus or it may be a momentary change in a continuously presented
stimulus, (3) the intensity of the change is usually suprathreshold, but
not so intense as to induce the involuntary attention of the observer, (4)
the time of signal presentation is uvsually unpredictable by the observer,
(5) the task generally is completed over a relatively long period of time
(usually not less than a half hour, but for not more than about eight to
ten hours), and (6) usually more than just a single momentary judgment is

required from the observer during the course of task completion.

1295, McGrath, A. Harabedian, and D. Buckner. Review and Critique of the
Literature on Vigilance Ferformance, Technical Report 206-1, Human
Factors Research, Inc., Geleta, California, December 1959.
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These researchers report that generally detection performance in
vigilance situations declines with increased time during an experimental
session. Experimental work conducted in the late 1940s and early 1950s
indicated that performance decrements usually occur within the first 10
to 30 minutes of task performance. After this initial decrement, perfor-
mance tends to stabilize at a reduced level of signal detection. Later
experiments, however, have indicated that this decrement in performance
appears to reach a maximum for most ohservers after about 15 minutes of
task performance. Further, they report there is some evidence that slight
performance improvements occur during the first few minutes of task per-
formance. Finally, they found that, for the same observers, vigilance
performance was poorer during an afternoon vigilance session than during
a morning session.

The experimental 2sidence reviewed by these rescarchers indicated a
well-defined relationship between time on task and vigilance performance
for a single or interrupted (session included scheduled breaks) vigilance
session. However, the course of vigilance performance from day to day was
not readily apparent from the experimental literature. In some research,
it was found that from the first to the second or third days, vigilance
performance showed improvements and then on following days a tendency

130 investigated vigilance per-

toward stabilization. Lindsley, et al.,
formance over 17 days and found that task performance was poorer on the

later days than on the first few days.

130p, Lindsley, et al. Radar Operator "Fatigue": The Effects of Length
and Repetition of Operating Periods on Efficiency of Performance,
Report No. SRO 3334, Office of Scientific Research and Development,
1944,
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Thus, this information clearly suggests that a vigilance decrement
may be expected in the firat 10 to 30 minutes of a session. In addition,
between-session decrements may occur, but it is not clear how many con-
secutive daily seasions must be completed before such decrements occur.
From these findings it may be expected then, that to the extent a target
acquisition situation can be characterized as a vigilance situation, per-
formance decrements will occur as time on the task increases. Thus, for
example, it might be expected {n a field situation where an observer had
to monitor a relatively small area of ground for targets appearing in-
frequently, performance decrements in acquisition would occur with
increased time on the job. However, until such research is conducted,
the effect of.éontinuous observation on a vigilance-like target acquisi-
tion task cannot be precisely determined.

Decaelal has reviewed some of the early literature on the effects of
prolonged work on the performance of active visual tasks. Active tasks
vere defined as those which involved the continuous use of the oculomotor
system and required more or less continuous mental operation. He con-
cluded that relatively long periods of work at active tasks were associated
with no or little deterioration in the capacity for continued visual work.
However, a decrement could be expected if the situation was complicated by
loss of sleep, anoxemia (low level of axygen in the blood), or the presence
of drug effects. In addition, he found that continuous work at these tasks
was often associated with reports of depression, headaches, feelings of
tiredness, and irritability. Further, there was some evidence of in-

creased somatic muscle tension with prolonged work.

131, peese. Changes in Viaual FPerformance After Visual Work, Johns
Hopkins University, Baltimore, Maryland, April 1957,
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Deese's conclusions with respect to the course of prolonpged perfor-
mance of active visual tasks suggest that, to the extent a visual
acquisition task can be characterized as an active task, it can be ex-
pected that performance decrements will not occur or will be minimal as
a function of increased observation time. This assumes that the acquisi-
tion situation 1s not complicated by losses in sleep, anoxemia, or drug

effects. Recent research by Drucker, Cannon, and w:n'cu2

tends to sup-
port these conclusions. These workers studied the acquisition performance
of military observers in a laboratory situation designed to assess the
course of prolonged performance on an acquisition task. The acquisition
task in this study required observers to detect flashes of light pre-
sented at an average rate of six flashes per minute. The flashes appeared
at irregular intervals in randomly located areas on a large screen
(divided into four quadrants) located 23 feet [seven meters] from the
observers. When a signal was detected the observer pressed one of four
response buttons located on a panel directly in front of him. The
response buttons corresponded to the quadrants of the screen. The obser-
ver was required to press the button that corresponded to the quadrant
in which the signal occurred. Thus, while this task was basically a
vigilance task with a moderate to high signal rate, in practice it was an
active task in that it required observers to continuously use their eyes
and be mentally alert.

The observers worked under a specified schedule over a period of 48
hours. Some observers worked a total of 36 hours spaced over 24 work

periods. Work periods were 1.5 hours long and were followed by 15-minute

132, prucker, L. Cannon, and J. Ware. The Effects of Sleep Deprivation
on Performance Over a 48-Hour Fericd, HWumRRO Technical Report 69-8,
Human Resources Research Orpanization, Alexandria, Virginia, May 1969.
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rest breaks. FEight one-hour rest breaks were allowed during the work
schedule. Other observers worked for 27 hours spaced over 18 work peri-
ods. These observers were allowed two five-hour sleep periods in
addition to the standard 15-minute rest breaks that followed work peri-
ods and the eight one-hour rest periods. Thus, these procedures defined
two basic work groups: the no-sleep group and the sleep group.

For the no-sleep group, task performance varied with the time of day,
with significant decrements occurring during the evening hours followed
by some (though not complete) recovery during daytime hours. In addition,
the no-sleep group showed much greater performance decrements during the
evening hours of the second night when compared to those of the first
night. The sletp group, on the other hand, tended to show no performance
decrements from the first day of work to the second day of work. However,
the sleep group did not work during the evening hours -- the time when
decrements might have been expected. In comparing the two groups' per-
formance during daytime (normal waking) hours, no significant differences
were found, although the sleep group did tend to perform at a somewhat
higher level. These results clearly show that acquisition performance was
affected by extended activity for only those observers who received no
sleep and then just during the period when they normally slept.

Ainsworth and Bishop133 have also studica the effects of extended
operations on the acquisition performance of observers. In this investi-
gation observers either worked continuously for 48 hours without sleep or

for 48 hours with 24-hour rest periods between each 12 hours of work, Two

133, Afnsworth and M. Bishop. 7The Effects of a 48-Hour Period of Sue-
tatned Field Activity on Tank Crew Performance, HumRRO Technical
Report 71-16, Human Resources Research Organization, Alexandria,
Virginia, July 1971.
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types of acquisition situations were studfed: a "passive task" and a
"moving task." In the passive task situation observers acquired tanks,
trucks, and groups of troops located at ranges from 220 to 1010 meters at
various azimuths. This task was performed only during daylight hours.

In the moving task situation tank-mounted observers detected teams of
personnel firing a crew-served machinegun while moving past the machine-
gun's position. This task was completed both under conditions of night
and daytime illumination.

In the passive task situation the observers who rested (24 hours) be-
tween test periods generally detected more targets in shorter periods of
time than the observers who worked continuously. In addition, there was
a tendency for both groups of observers to improve in their performance
with practice. In the moving acquisition task situation over successive
12-hour test periods, the observers who were allowed rest showed succes-
sive improvements in performance thrcugh the third 12-hour test period
and a slight drop from the third to the fourth 12-hour test perfod. The
performance of observers who received no interpolated rest declined from
the first to the second 12-hour test period followed by a general improve-
ment in performance with each successive test period. Overall, the
performance of the observers who rested was superior to the performance of
those who did not rest. Collectively, these results indicate that the
efficiency of the observers who worked continuously was reduced compared
to the performance of those receiving interpolated rest over the 48-hour
test period.

Banks, Sternberg, Farrell, Debow, and Dalhamer studied the effect of

prolonged activity on the performance of an acquisition task using a
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Starlight Scope under starlight and full-moon illumination conditions.l:’l'
Performance was measured in terms of the percentage of targets detected
and the time required for detection. The observers' acquisition perfor-
mance was measured twice in this investigation: after 15 hours of
activity (which included two hours of training in the use of the Starlight
Scope) and 24 hours after the first testing. For both measures of acqui-
sition performance, no performance decrement was observed, even though
prior to the second testing the observers had wbrked for 39 hours con-
tinuously with only occasional naps.

Similar results were obtained by Sternberg and Banks.135 They studied
the performance of an acquisition task using three night vision devices
under conditio_nh of low ambient illumination for a relatively short period
of continuous observation (5.5 hours). 1In particular, the performance of
observers using either the Night Observation Device, the Starlight Scope,
or the MINI Crew-Served Weapon Sight did not decline in the percent number
of targets detected or thg time required for detection over the 5.5 hour
observation period for comparisons among the first, middle, and end blocks
of trials.

Collectively, the results of these investigations indicate that
whether performance decrements will occur in a target acquisition situation
depends on the nature of the situation. For target acquisitions requiring
vigilance, performance decrements within a session can be expected to occur

early (within the first 10 to 30 minutes). However, after the initial

13"J. Banks, J. Sternberg, J. Farrell, C. Debow, and W. Dalhamer. Effects

of Continuous Military Operations on Selected Military Tasks, Technical
Research Report 1155, US Army Behavior and Systems Reseirch Laboratory,
Arlington, Virginia, December 1970.

1355, Sternberg and J. Banks, op. cit.
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decrement, pertormance can be expected to stabilize at a reduced level of
detection. Further, for repeated performances in this type of situation,
performance decrements may occur from one sessfon to the next.

However, when the target acquisition situation requires active visual
performance (one in which the oculomotor syatem s used without interrup-
tion and continued mental alertness (s necessary for decision making), the
experimental evidence indicates that performance decrements will occur
only when the situation is complicated by pinysiolopically debilitating
events (loss of sleep, drugs, anoxemia). However, for example, when the
effects of these events are allowed to dissipate (e.p., rvest is allowed),
performance decrements are not likely or will only be minfmal. Thus, the
results of the mtudies reviewed in this scction of the report clearly in-
dicate (a) that duratifon of observation is an important factor in the
acquisition process, but that (b) the effect of this varfable is highly
dependent on the parameters defining the situation at the time of ohser-

vation.

Observer Variables

As discussed carlier in this report, most research into the acquisi-
tion process has been concerned with the effects of target, environmental,
and task parameters on acquisition performance. Usually, {n studies of the
acquisition process, an attempt 18 made to minitmize or hold constant the
effects of observer differences on the process. To this end, observers
are selected to minimize {ndividual differences and fnstructions are employ-
ed te standardize observer behavior., Hence, there is very little data on
the effect of observer variables on acquisition performance. While there

are good practical and experimental reasons for neglecting the study of
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observer differences, nevertheless, a complete understanding of the ac-
quisition process i{s not possible without consideration of the "human
element.”" Thus, it is the purpose of this section of the review to con-
sider observer differences as they related to the acquisition process and

to assess the impact of these differcences on this process.

Visual Acuity

Target acquisition is basically a visual skill whose successful per-
formance i{s dependent to a larpe extent upon the size of target objects
and the ranges at which these objects appear. Both size and range are
related to each other by visuval angle. This relationship is given by the

equation:

-—

‘A

.
4 xS

Tangent (&) IR
where VA is the visual angle, ¢ is the measute of size, and R 1s the meas-
ure of rannc.136 For small angles (measured in radians), {.e., for angles
for which the tangent of the angle is approximately equal to the angle it~
self (tan VA = VA), this relationship simplies to VA = e¢/R.

One characteristic¢ of the human eye is its ability to resolve f{ine
detail. This ability is oftew measured in terms of the minimum visual
angle that can be resolved by the eye under certain standard conditiouns.
This resolution ability is relerred to as the visual acuity of the eye.
For clinical and screening purposes, acuity is often measured by having

subjects read characters off of standardized wall charts composed uof rows

136¢, Graham. "Visual Space Perception," in C. Graham (ed.), Vision and
Visual Ferception, New York: John Wiley, 1965.

1375, wulfeck, et al., op. ctt.
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of letters or symbols subtending various visual angles. Generally, these
charts are designed such that the visual characters on descending rcws

come to subtend smaller and smaller visual angles. As a consequence,

B ]

the more descending rows that can be accurately read, the better visual
acuity 13.138 Differences in visual acuity will most certainly be associ-
ated with corresponding differences in acquisition performance. Spe-

cifically, it may be expected that observers with 'good" visual acuity will

S i

perform at higher levels, especially on an acquisition task involving the
detection of relatively distant and/or small targets than observers with
"poor" visual acuity.

Baldwin139 investigated this possibility in a series nf laboratory

studies involving the acquisition of small black spherical targets pre-

'T
{

sented against a brightly lighted open background. In these studies
observers completed the acquisition task under two sets of search condi-
tions: free search and structured search. Acquisition performance was
measured in terms of time required to find the target. The far visual
acuity of the observers (measured in terms of the smallest visual angle
that could be detected) was determined using the Armed Forces Vision
Tester. The measured visual acuities ranged from 20/20 to 20/13. Corre-
lations between acquisition performance (the time required for detection)
and the measured visual acuity of the observers were found to be signifi-
cant in most cases. These correlations ranged from .39 to .65 and averaged
.50 Further, the magnitude and significance of the obtained correlations

did not appear to be related to the method of search employed by the

1383, Tiffen and E. McCormick. Industrial Psychology, Englewood Cliffs,
New Jersey: Prentice-Hall, 1965.

139, Baldwin, op. cit., 1973.
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observers during the conduct of the acquisition task. Thus, these re-
sults suggest that measured visual acuity i{s likely to be a significant
predictor of target acquisition performance in field situations.

Similar results were obtained by Hhitchurstu'o in a

laboratory simu-
lation designed to evaluate the detectability of variously camouflaged
combat vehicles. In this investigation, civilisn observers acquired scale
models of Armored Personnel Carriers (APCs) camouflaged using several dif-
ferent colors (green, brown, tan, and black) and camouflage patterns.

All targets were placed on a terrain model that consisted of green ground
cover with assorted trees, sand, and rock. Depending on target location,
the APCs varied in size from 34 to 42 minutes of arc as measured from the
observer's eyes. Three groups of observers searched the terrain model
for the targets. Observers in the first two groups each had an oppor-
tunity to acquire 33 targets, while the obscrvers in the third group had
an opportunity to acquire only 13 targets. Acquisition performance for
each trial was measured in terms of the time required to detect a target.
In addition, prior to the target acquisition trials, the far visual acuity
of each observer was measured using the Armed Forces Vision Tester. The
obtained acuities ranged from 20/20 to 20/12. Correlations between the
mean time for detection and far visual acuity (as measured by the percent-
age of the letters presented in the vision tester that were correctly

identified) were -.43, ~.61, and ~.64. The two latter correlations were

significant at an acceptable level of significance (p<.01), while the

1M)H. Whitehurst. The Effects of Pattem and Color on the Visual Detec-

tion of Camouflaged Vehicles, NWC TP 5746, Naval Weapons Center, China
Lake, California, March 1975.
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firse corrédativn.was.not. Thus, in this case, the results also suggest
thati visual acuity should be a significant predictor of fleld acquisition
performance.

141 similar results were

In a later study conducted by Whitehurst,
obtained with respect to the effect of visual acuity on target acquisi-
tion performance. In this investigation, civilian observers searched for
both a camouflaged and an olive drab colored APC located at various
locations on a terrain model under two lighting conditions (dawn and
bright sky light). The average luminance of the terrain model under
simulated dawn lighting was 2.0 foot-lamberts, while it was 9.5 foot~
lamberts under the bright sky conditions. The visual acuities of the
observers were measured using the Armed Forces Vision Tester and were
scored as in the previous Whitehurst study. The obtained visual acui-
ties ranged from 20/17 to 20/12. The average time required to find the
targets over all combinations of target and lighting conditions was deter-
mined for each observer. A significant correlation of -.69 (p<.0l) was
obtained between these times and the visual acuity scores of the obser-
vers. Thus, also in this situvation, visual acuity was a ~fgnificant
facto {1 the target acquisition process.

Whittenburg and Collins;u’2 also found that tarvget acquisition per-
formance was significantly related to measured visual acuity. In this

investigation, several groups of observers searched for a variety of

141y, whitehurst. Effect of Camouflage Patnt Fattern on the Surface-to-
Suface Detection of Vehicles, NWC TR 5772, Naval Weapons Center, China
Lake, California, June 1975.

1425 whittenburg and B. Collins, op. cit.
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military targets (M48 tank, towed 155mm howitzer, 1/4-ton jeep, and a
camouflage net) located either in an open field or next to a treeline.
Observers searched for the targets from two cbservation points. The

first point (near to the targets) was located such that the target-to-
observer range varied from 88 to 880 meters, while the second point (far
from the targets) was located such that the target-to-observer varied

from 1055 to 2952 meters. For each observer, a detection score was com-
puted that was based on the number of targets detected and the level of
description used by an observer to define acquired turgets. -These scores
were then correlated with the observer's far visual acuity (measured prior
to the study in terms of the number of test items correctly completed on
the Armed Forceés Vision Tester). The obtained acuities ranged from 20/40
to 20/17. For all targets (acquired from both the near and far viewing
positions), the correlation between performance and acuity was .224 (df =
70, p<.05), which was not significant. However, when detection scores
reflecting the observer's viewing position were computed and correlated
with the visual acuity scores, it was found that the correlation for the
detection scores for the near position (r = .238, df = 70) was significant
(p<.05). On the other hand, the correlation for the detection scores for
the far position (r = .149, df = 70) was not significant (p<.05). These
results thus indicate for a field acquisition situation that visual acuity

is likely to be an important factor in the acquisition process only for

targets located at relatively close ranges, i.e., from about 88 to 880 meters.

Overall, these results indicate that visual acuity is indeed an im-
portant factor in the target acquisition process. In general, the results

demonstrate that observers with "good" visual acuity can be expected to
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acquire more targets sooner than observers with "poor" visual acuity.
However, the magnitude of the correlations obtained in the studies re-
viewed suggest that the visual acuity-acquisition performance relationship
is far from perfect. In addition, these results suggest that military
personnel who wear corrective lens might experience reduced ability to
acquire targets in combat situations 1if their lens were broken or lost.
Rapid replacement is unlikely in a combat zone. As a consequence, in
future studies of the acquisition process, it might be appropriate to
assess the acquisition ability of observers who normally wear corrective
lens, both with and without these lens. Such a strategy would allow
assessment of the effect of acquisition performance of missing corrective

lens.

Color Vision

Collins and Whittenburg have reviewed the literature concerning the
effect of variations in observer color vision on target acquisition per-
formance . 143 They report that since World War Il the hypothesis that
color-deficient individuals can detect camouflaged targets at a higher
rate than color-normal individuals has been quite persistent. However,
they found that only one relevant empirically-based investigation of this
hypothesis had been conducted.l44 1In this study it was found that color-

normal observers performed at a higher level than color-deficient observers

143y, Collins and J. Whittenburg. Defective Color Vieton, Filters, Film,
and the Detection of Camouflaged Targets: An Anmotated Bibliogruaphy,
US Army Human Engineering Laboratory, Aberdeen Proving Ground, Maryland,
March 1974,

1l44g, Wallace, P. Hexter, and S. Hecht. Color Vision and Its Relatiom to

the Detection of Camouflage, Army Research Bulletin 43-6, 14 October
1943.
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in detecting camouflaged targets from an airplane flying over the target
area.

In an attempt to provide a definitive answer to the question of the
effect of color visfon on acquisition performance, Whittenburg and
Coll!.miu‘5 investigated the detection performance of 12 color-deficient
observers (ten with a red-green color deficiency and two with a low color
discrimination) and 24 color-normal observers in a field study involving
military targets (tank, jeep, and towed howitzer). In addition, color
deficiencies were simulated by the use of special lenses for 36 other
observers. Their results indicated that no real differences in detection
performance existed between the color-normal and the true color-deficient
or the simulated color-deficient observers.

Dobbins and his associates at the Tropic Test Center in the Panama
Canal Zone have investigated the related question of the effects of color-
ed lenses on acquisition performance. The observers in these studies wore
special lenses that filtered out selected spectral wavelengths. In the

146 12 infantry soldiers wearing nonmagnifying

first of these studies,
yellow lenses detected stationary personnel targets in a tropical ever-
green forest. Their detection performance was compared to that of 18
observers with unaided vision tested under the same conditions. The ef-
fect of the yellow lenses was to restrict the detectability of the person-

nel targets. In particular, ranges for these observers were shorter than

for the observers with the unaided vision.

1455, Whittenburg and B. Collins, op. cit.

146p, pobbins, M. Gast, and C. Kindick, op. ctt,
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In the second study of this series,147 24 infantry soldiers observed

148 or in

either with yellow lenses, with red lenses, with dichroic lenses,
an unaided (lenseless) mode. None of the lens conditions were found to
affect target acquisition performance when compared to unaided vision.
This was true for the 50 percent detection range thresholds, visibility
gradients, and total detections.

Thus, these results tend to indicate that variations in color visiun
do not contribute to the detection process in natural field environments.
Powever, it must be pointed out that only two of the above referenced
studies involved personnel with true color deficiencies. Only one of the
studies involving color-deficient personnel studied a ground combat detec~
tion situation and it employed only a few (12) color-deficient individuals.
Further, it is questionable that colored lenses can simulate color vision
defects.u‘9 As a consequence, it would appear that additional research
is warranted concerning the question of the effect of variations in color
vision on acquisition performance in field situations. Fo; such research
it would be appropriate to employ large sample sizes of color-deficient
observers in a wider variety of situations involving varying military tar-

gets, both camouflaged and uncamouflaged. From this research it would be

possible to obtain a better measure of any effects of color vision

147p, nobbins and C. Kindick, op. cit..

1l‘aThese lenses were designed to reduce the transmission of light in the
middle wavelengths of the visible spectrum, while allowing the normal
transmission of light from the remainder of this spectrum. The net
effects of the lenses tend to make the observer artificially color
blind for the colors associated with the middle wavelengths, 1.e., to
make his vision dichromatic.

149%, Collins and J. Whittenburg, op. cit.
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varfations on detection pertformance. However, for the time being {t
would appear that the wetpht of the evidence {n apatunt variattona {n

color viafon having any sipgntficant effect on the acquinttion procean,

Age

Becline in viaual tunctloning with ape s often veported tn the
literature. MNowever, aipntficant decrements with incrveasning apge do not
generally occur until the late thivttea ov eavly fort{es, For example,
Burg found that the visual field of men and women declined stpnificant iy
after the ape 30 to 40.‘50 Studiea of vinual acuity with veference to
fucreasing age find that acuity declines aigntficantly after the age of
45.15‘ These findings thus suppeat that decvementa {n tavpet acquisftion
performance as a function of age are not Hkely to be found unleas the
sample {ncludes pernons {n thetfr Yate thivties and ecavly forties, In
particutar, tt can be expected for velatively voung wmili{tary perzonnel
without any severe eve defects, that acquisnition performance will be un-
velated to age,

Fleld studles of target acquisition support this hypothentn, Dobbhins
and his aanocla(onlﬂ: veport that {n four aepavate studtes ape wan found to
be unrelated to threshold detection performance of enlisnted military per-

sonnel, The average corrvelation between ape and detection pervformance was

8. Tn all casen, thene obaervers had been teated and were found to have

cm———

1504, Burg.,  "Lateral Visual Fleld an Related to Ape and Sex,” Jowrnal of

Applted Peyohology, 1968, 52, 10-135,

B0 e, "Viaual Acuity," {n P, Farnaworth (ed.), denar? Kevdewe of
Paychelogy, 1968, 19, 27-54,

152, pobbing, R. Chu, and €. Kindick, on. of .
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adequate visual acuity. The age range for these observers was from 18 to ‘
35 years of age. Thus, for military situations in which the observer popu- 1

|
iation {8 relatively younp, ape is not likely to be a factor in field |
i

acquiaftion performance.

Height

1
In combat situationa the ponition from which an observer may view an |
area of ground for which he has responaibility can vary. Obhservations
may be made from the prone position, the kneeling porition, or from the
standing poaftion, In addition, an obgerver may be poritioned in a tree
or on top of a building while viewing his area of responsib_lity. The
major effect of theae changes in viewing position is to alter the height

of the obaerver's eyes above the ground. The appearance of the targets

may also be modified, To the extent that these chanpes reduce or increase

the chances of obscuration by terrain or vepetation features, {t may be
expected that fleld acquisition performance will show corresponding in-
crementr or decrements, In general, field studies of the acquisition
process aupport this conclusion,

For example, AnstoylSJ

concluded in a survey of field visibildey
measurement that greater daylight visib{lity distances were generally ob-
tained from standing observers than from prone observera., For example, in
a chaparral area, erect obhservers could obtain lines-of-aight of 500 ox
more feot [153 meters], while prone observers could obtain lines-of-sipht
of only 70 to 100 feet [2]1 to 31 metera)., In a mid-latitude forest, a

human target wearing a white shirt was detected at an averape range of

131.5 feet [41 meters] by an erect ohaserver, while the same target was

153g. Anstey, op. oft., 1964,
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detected at an average range of 116.3 feet [35 meters] by a prone obser-
ver, These results clearly show that the height of an observer's eyes
above the ground significantly affects his ability to acquire targets.
In addition, taken together they sugpest that the mapgnitude of this ef-
fect will depen' on the type of terrain in which observations are made.
In particular, it may be expected for relatively open terrain that the
magnitude of the effect will be small, while for relatively cluttered
terrains the magnitude of the effect will be large.

Caviness and Maxey154 have also found that variations in observer »
height significantly affect daylight target acquisition performance. In
their study three observer elevation conditions were studied: observer f
kneeling, observer standing erect, and observer standing erect on a {
three-foot platform. Their results indicated that as the height of the
observer's head above the ground was increased, the range at which ad-
vancing personnel targets could be detected increased.

The above cited studies were conducted under conditions of daylight.
They demonstrated collectively that increases in observer elevation were
consistently associated with improvements in acquisition performance.
Similar results have been ohtained for acquisition tasks completed under
nighttime illumination conditions. ‘I'aylor155 studied the effect of ob-
server height on acquisition performance under two illumination conditions:
non-moon (atarlight) and full-moon illumination. For the no-moon 1llumi-
nation condition no consistent effect of observer height on acquisition

performance was found. However, for the full-moon illumination condition,

15"J. Caviness and J. Maxey, op. cit.

155;, Taylor, op. cit.
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it was found that standing observers were superior to kneeling observers,
vho in turn, were superior to prone observers in terms of thelr ability

to acquire stationary personnel targets. These results indicate that only
when the illumination level is sufficiently high will a relationship be
obtained between observer height and acquisition performance. Further,
they indicate that when the conditions are adequate for the relationship
to manifest itself, it will be the expected direct relationship, i.e.,
larger ground-to-eye heights will be associated with better performance,
while smaller ground-to-eye heights will be associated with poorer perfor-
mance.

walton156 has

also found that observer height is directly related to
observer acquisiticn performance under low illumination conditions. In
this study observers employed the Crew-Served Weapons Night Vision Sight
(second generation). For observation under conditions of moonlight, prone
observers detected fewer targets than standing observers. Targets in this
study were both military personnel and military vehicles.

Taken collectively, these studies clearly indicate that the height of
the observer's eyes above the ground is a significant factor in the ac-
quisition process under both low and high ambient light conditions. In
general, it has been demonstrated that as elevation of the ohserver's head
above ground is increased from a prone height to a standing height, acqui-
sition perfuormance will show corresponding improvements. However, the
level of ambient illumination must be szomewhat above that of starlight for

this relationship to appear. Further, the magnitude of this effect will

become greater as the terrair in which observation is conducted becomes

156, walton, op. ott.
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less cluttered and more open. That is, as terrain and vegetation features
such as low brush, boulders, and minor undulations of the ground become
less common, it can be expected that increases in the elevation of the
observer's head will be accompanied by substantially greater improvements

in his acquisition performance.

Past Experience

For any detection situation, the past history of experience which the
observer brings with him into the situation may be expected to influence %
the extent to which he successfully performs an acquisition task. This
past history of experience may take on at least two forms. It may be
general experience gained through hunting and tracking in relatively un- a
inhabited, "wild" areas, or through military experience in training or
combat in a war zone. Alternatively, it may represent experience gained
from structured classroom and field training classes in the subject or
target acquisition. Since the effects of experience on acquisition per-
formance have not been systematically researched to any great extent,
only a tentative concluston can be drawn with respect to the effects of
this variable.

Dobbins and his associate8157 found In several studies of the acqui-
sition process in tropical environments that years of military service was
not significantly correlated with the 50 percent detection thresholds.

The correlations obtained in these studies together averaged .09 and repre-
sented data from 108 observers. Experience ranged from 6 to 192 months

of military service.

157p, pobbins, R. Chu, and C. Kindick, op. cit.
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Anstey.ls8

on the other hand, has found that a professional hunter
with many years of experience in tropical environments was able to locate
prepositioned targets at longer distances and in shorter times than a
non-hunter with little experience in tropical environments. Anltey159
has also noted that experience in acquiring prepositioned targets in a
mid-latitude forest leads to greater detection ranges and shorter deci-
sion times.

Taylor16° studied the effects of three different types of night
vision training (classroom, field, and classroom/field training) on the
acquisition performance of observers under both no-moon and full-moon 1il-
lumination conditions. In each case the training lasted for only two
hours. The cl#ssroom training was designed to teach the observers the
principles of observation at night and provided them with an opportunity
practice these principles. The field training provided observers with an
opportunity to practice the discrimination of personnel targets under no-
moon illumination conditions. Finally, the classroom/field training was a
combination of the classroom instruction and field practice. It was found,
however, that the type of training did not affect acquisition performance.
In this case, acquisition performance was measured as the percent correct

detections made. It was suggested by Taylor that these results were due

to the training not being sufficiently extensive.

158g. Anstey, op. cit., 1963.
159g. Anstey, op. cit., 1964.

1605 taylor, op. cit.
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Banks and his nssocintes.161

on the other hand, have found that spe-
cial training designed to remedy identified deficiencies in target ac-
quisition technique resulted in performance improvement for an acquisition
task involving the use of visual aids. In particular, it had been found
that poor search procedure was primarily responsible for a less than opti-
mal level of acquisition performance. Special training was designed to
teach observers how to conduct a timely and comprehensive search using two
visual aids, the Starlight Scope and the Night Observation Device. Com-
parison of the acquisition performance of groups of observers trained
under the standard and special training revealed that the special training
groups detected more targets in shorter amounts of time than the standard
training groups.

The results of these studies taken together suggest that for either
general experience or training to be effective in the acquisition process
requires that the experience or training be exceedingly relevant to the
acquisition task at hand. That is, it can be expected that variations in
either experience or training will be correlated with variations in acqui-
sition performance only to the extent that these variations are associated
with the production of or the differential functioning of specific skills

which mediate the accomplishment of the acquisition task.

Motivational Variables 7

Motivation is a concept which is often employed to explain why the
performance of a well-practiced task may show significant variability over

time in the absence of any other changes in the situation defining the

161J. Banks, J. Sternberg, B. Cohen, and C. Debow, op. eit.
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occasion for the performance of the task., Theoretically, motivational
factors are thought to reflect internal conditions of the individual
which have come to mediate the performance of a task or a set of tasks in
some situation. In general, it is expected for those motivational con-
ditions which are associated with task performance, that as the state of
these conditions change, so will the quality of task performance mani-
fested by the individual. As a consequence, it is important to know what
motivating co.ditions are responsible for the maintenance of task perfor-
mance in a situvation and how changes in those conditions facilitate or
inhibit performance in that situat’on.

None of the target acquisition literature reviewed reported data on
the effects of motivational state on acquisition performance. It 1is evi-
dent, however, from close reading of this literature that the acquisition
situations developed for study were consistently designed to keep internal
motivation at a high level. For example, in many of the studies reviewed,
military personnel served as observers and performed acquisition tasks
within a military context. Therefore, it might be expected that the moti-
vation to perform at an average or above average level was quite high in
these cases. However, field research in a related visual problem area
(detection of mines and boobytraps) sugpests that variations in moti-
vational states may have some impact on target acquisition performance in
combat situations. t

162

Bucklin and Rayner studied the detection performance of enlisted

milicary personnel as they traversed a simulated surface-laid munitions

1625 Bycklin and J. Rayner. Development of a Detection Ability Index: I,
ESD IR No. 569 (Draft), Enpineering Sciences Division, Feltman Research
Laboratory, Picatinny Arsenal, Dover, New Jersey, April 1972.
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minefield. The time required to traverse the minefield and the percentage
of surface-laid munitions found were determined for each observer. 1In
addition, the observers completed two paper-and-pencil tests designed to
measure a variety of personality factors. Analysis of the data revealed
that the amount of time spent in searching was directly related to the
percentage of munitions found. Also, the analysis showed that certain of
| the personality factors measured were significantly correlated with detec-
tion performance. In particular, personality factors defined by scales
reflecting placidity, lethargy, stability, and self-reliance were signi-

} ficantly related to detection performance. Specifically, it was found

that the better detectors (those who detected a greater percentage of the i

2

targets) were low on the placidity and lethargy scales and high on the

1 stability and self-reliance scales. These results clearly indicate that
certain internal dispositions of the military personnel studied were re-
lated to their detection performance in this field situation.

] A similar result was obtained by Maxey and his associate8163 in a

study of thc characteristics, aptitudes, and acquired skills required in
the detection of mines and boobytraps in a field situation. In this study,
enlisted military personnel traversed a field detection course and detected
hidden mines and boobytraps. Observers were assessed with respect to the
rated amount of effort they expended during the completion of the detection
course. A significant direct relationship was found to exist between the

amount of effort expended and the percentage of detections made by observers.

1635, Maxey, T. Powers, T. Jacobs, and G. Magner. Identification of the
Potential Characteristics, Aptitudes, and Acquired Skills Involved in
Human Detection of Mines, HumRRO Technical Report 73-18, Human
Resources Research Organization, Alexandria, Virginia, August 1973,
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Laboratory research also suggests that motivational factors may play

a role in the acquisition process. Jones, Freitag, and Collyer]64 report

B

that Bloomfield (in a laboratory study of visual search) found that incen-

tive payments of money to observers affected their search performance in

a positive way. Under conditions of incentive paymeunts, the quality of

search performance was significantly superior to the quality of search

performance under conditions of practice without monetary incentive. They

report that the "false alarm" rate also increased under conditions of in-

centive though not as much as the increase in the percentage of detections.
Pollack and Knafflﬁs studied the influence of incentive conditions on

vig{lance task performance in a laboratory situation. In their study the

task of the observer was to visually detect a change in deflection of a

needle {n a meter from a predicted course. Observers stood watch under

one of three incentive conditions: neutral, reward, and punishment.

Under the neutral condition, observers were told to do the best they could.

Under the reward condition, they were told they would receive extra pay

for good performance. Finally, under the punishment condition, faflure to

detect a signal resulted in an 0.5 second blast from a truck air horn.

In addition to these conditions the vigilance task was completed under two

levels of illumination: dark and light. Under conditions of dark, the

observer watched a visual display in a darkened isolation booth, while

under conditions of light, the observer worked in the presence of other

observers in a brightly lighted room. Their results indicated that under

164, Jones, M. Freitag, and S. Collyer, op. ctt.

—— - ma—

1651, Pollack and P. Knaff. "Maintenance of Alertness by a Land Auditory
( Signal,"” Jowamal of the Acoustical Soctety of Amerior, 1958, 30, 1013-
1016.
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the punishment condition, the percentage of signals detected increased,
detection times were reduced, and more false detections were made. Fur-
ther, punishment was more effective for the poorer performing subjects
than for the better performing observers. Also, effects of punishment
were more pronounced under conditions of dark than light. Under the
reward condition, performance was better than under the neutral condi-
tion, but the improvement was not as great as that produced by the
punishment condition. Further, reward was more effective in the light
condition than in the dark condition.

Dudek, George, and Ayoub166 have also studied the effect of moti-
vating incentives on vigilance task performance. In this investigation,
some observers were given a fixed amount of academic credit for partici-
pation in the investigation, while other observers received academic
credit whose magnitude depended on their task performance. Overall, the
task performance of the observers who worked for a fixed amount of credit
was inferior to the performance of the observers who worked under a
performance-contingent credit schedule. Further, accurate task performance
was found to be maintained much better over time by the contingent credit
observers than by the fixed credit observers.

Thus, while {t is currently unknown what specific effects variations
in motivational conditions have on the acquisition process, relevant field
and laboratory research suggests that motivational factors may be impor-

tant in this process. Since it may be expected in a combat situation that

166R. Dudek, C. George, and M. Ayoub. '"Performance Recovery and Man-
Machine Effectiveness,'" in US Army Human Factors Research and Develop-
ment, Proccedings of the 15th Annual Conference, November 1969.
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changes 1in the motivational conditions of combat personnel will occur as
the conditions and expectations of contact with thie enemy change, it is
important to know what effect a change in motivational conditions will
have on acquisition task performance. As a consequence, this 1s an area
that should receive some attention in future research on the acquisition

process.

Summary

The purpose of this section of the report has been to present the
results of a review of the literature of ground-to-ground target acquisi-
tion. For this review, target acquisition was considered as a generic
term that covered not only the detection process, but also the process of
recognition and identification. As such, the term target acquisition was
employed as a neutral term whose meaning was largely dependent on the prob-
lem of targeting with which the reviewed studies were concerned.

Target acquisition is a military problem in that the_ébility of the
infantryman, the forward observer, or the tank gunner to accurately acquire
targets is a necessary prerequi-ite for the successful completion of his
mission, i.e., the destruction or neutralization of the enemy's means to
wage war. For example, in a giv.n battlefield environment, a soldier may
be engaged in one of two missions. On the one hand, he may be engaged in
a defensive mission, in which case his task will be to defend an area from
penetration or capture. On the other hand, he may be engaged in an offen-
sive mission, in which case his task will be to find and destroy the enemy.
In order to succeed in either of these missions, a soldier must be able to

determine whether the enemy is present in his vicinity, that is, he must
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be able to acquire enemy targets. Thus, target acquisition and the ¥
! ability of the modern soldier to successfully complete target acquisition

tasks in a field environment is an {mportant area from a mi{litary point

of view.

The psychological problem as it relates to the military problem is
one of identifying the relevant behavioral, environmental, and situational
variables whlgh affect the ability of human observers to perform optimally
in a field target acquisition situation. In ndditiqy. such information is
important for defining the types of field target acqﬁisition situations,
including targets (as to type, placement, etc.) apé;opriate for investi-

gating the acquisition performance of human observers with and without

acquisition aids,
¢

T T gy S

A wide variety of parameters have been investigated in relation to
target acquisition performance. These parameters fall into two basic
groups of variables: stimulus (external) variables and organismic (inter-
nal) variables, The stimulus variables considered for their effect on the
acquisition process fell into three broad categories: object (target)
characteristics, environmental (background) characteristics, and task
(situational) characteristics. The organismic variables considered for
their effect on the acquisition process were those observer éharacteristics
which could logically affect the observer's capability to perform the ac-
qrisition task, e.g., age, experience, motivation, visual acuity, etc.

The effects of these variables are briefly summarized below:

Target characteristics. Eight acquisition parameters were considered

under this heading: target size, shape, color, brightness contrast, range,

duration of exposure, motion, and speed. Target size was found to be a

- 128 -




e

factor in the acquisition process when the differences in relative size
were large. For small relative differences in size, it was found that
other factors were likely to be more important in the acquisition process.
Target shape was determined to be a factor in the acquisition process
also, particularly when the target appeared in the context of non-target
objects of similar shape. However, this conclusion was based on the re-
sults of laboratory work and, as such, remains to be verified under field
conditions.
With respect to target color, it was found that it is not so much
the object color that is critical for acquisition as it i1s the contrast

of this color with the background in which the target appears. Therefore,

R i | Tl W o -

color contrast, not color, is the important variable for the acquisition

process for colored objects. In particular, it was found that as target

T

color contrast increased, target acquisition performance also increased.
Target brightness contrast was also found to be important in ground-to-
ground target acquisition in the same manner ar color contrast, i.e., as
brightness contrast increased, acquisition performance improved.

Target range was found to be one of the most well-studied variables
in the target acquisition literature. In general, it was found that as
target-to-observer range increased, target acquisition performance de-~
creased (when target size was held constant).

Target duration (length of time that a target is available for acqui-
sition) was also found to be an important parameter in the target acqui-
sition process. In particular, it wes found that the relationship between
duration and acquisition performance is a direct relationship, That is,
increases in target exposure time are associated with improvements in

acquisition performance.
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Finally, target motion was found to be an important target acquisi-
tion parameter. In general, the literature in this area indicated that
target motion, as well as the speed at which this movement occurred,
facilitates acquisition performance. In particular, increments in tar-
get speed were found to he generally associated with {mprovements in
target acquisition performance.

Environmental characteristics. Seven acquisition parameters were

considered under this heading: condition of the atmosphere, level of
ambient illumination, terrain, vegetatiomn, locatiom, position of iltwed-
nation source, and ambient temperature. The condition of the atmosphere,
f.e., its light transmission properties, was found to be significantly
related to target acquisition, particularly for distant tarpets. In
general, reductions in the light transmitting capabilities of the atmos-
phere were found to be associfated with decrements in tarpet acquisition
performance.

The effect of ambient illumination on target acquisition was found
to be well studied. Overall, the literature indfcated that as the level
of ambient i1llumination is increased from very low levels to moderately
low levels, there is substantial improvement in acquisition performance.
However, it appears that as illumination is further increased from moder-

ately low to higher levels, improvement in acquisition performance cannot

be generally expected. Thus, for this variable, it scems that i1llumination

level is a more important variable for low illumination acquisition than
for high 11lumination acquisition.
Both inter- and intra-terrain variations were found to affect the

detectability of targets. The major effect of difference between terrain
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was found to be in terms of target obscuration and restrictions in the
ranges at which targets could be acquired. Within a given terrain the
major effect was found to be in terms of interactions of specific terrain
features with specific target characteristics, such as contrast and dura-
tion.

The acquisition performance of observers in vegetated areas was found
to vary with the season of the year, the height of vegetation, the type
of vegetation, and the density of vegetation. In general, it was found
that as these factors led to increased conditions of obscuration, target
acquisition performance showed progressive decrements.

With respect to target location, it was found that this is a factor
in the acquisition process when few lines-of-sight exist between the tar-
get when search patterns lead to infrequent glimpses of areas in which
targets are located. Target location is also a factor when observer ex-
pectations about target location do not correspond to actual target
locations. It was also found that the position of the ilIumination source
(in terms of both elevation and azimuth) significantly affects the acqui-
sition process, particularly for targets which have intrinsically low
contrast with the environmental background. The results were quite clear.
As targets were directly lighted from either the front or the rear, acqui-
sition performance improved.

Due to the lack uf adequate studies conducted under varying tempera-
ture conditions, it was not possible to exactly determine the effect of
temperature variations on acquisition performance. However, a review of
studies involving visual tasks completed under various conditions of cold

and heat suggested that this variable be of some importance for the acqui-
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sition process in field situations. 1In partfcul-i, there was some evi-
dence found which suggested that extreme conditions of heat and cold may
adversely affect the performance of visual tasks.

Task characteristics. Five acquisition parameters were considered

under this heading: obaerver movement, size of search area, practice
effecta, search method, and duration of obaervation. Observer movement
with respect to the target was found to be a significant factor in the
acquisition proceas. In particular, it was found that observer movement
affects the target acquisition process only when the target also moves.
For stationary targets, observer movement was found to provide only a
slight advantage in the acquisition process.

The results of both the laboratory and field research reviewed indi-
cated that reductions in the size of the search area was generally
associated with improvements in the percentage of targets detected or
with reductions in the amount of time required to detect targets. In addi-
tion, these results indicated that the exact effects of reductions in
search area size appear to be dependent upon the brightness of the target
and the ambient illumination level of the surround as well as target
exposure time.

With respect to the effects of practice on acquisition performance,
the research findings were somewhat contradictory. In some cases, practice
at target acquisition facilitated performance, while in other cases it did
not. The basis for these contradictory findings was not immediately clear.
At this point, without further research, it can only be concluded that
practice effects may occur. As a consequence, the possibili:y of such ef-
fects must be taken into account during the design of investigations of the

acquisition process.
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Overall, the results of the studies reviewed concerning variations
in search strategy clearly indicated that the type of strategy employed
by an observer can (under some conditions) affect the quality of his ac-
quisition performance. Thus, in studies of the acquisition process, data
should be recorded which reflect the strategy employed by the observer
during the completion of the acquisition task. By such a procedure any
differences in acquisition performance due to search strategy variations

may be accounted for and/or controlled. Further, if a particular search

strategy has bee~ tested and validated with respect to its effectiveness,
then it may be appropriate to require observers to use this strategy to

optimize test results.

However, the literature does not indicate any clear-cut superiority
for either free search or specified search strategies. The results of the
studies conducted by some investigators suggest that the effectiveness of
specific search strategies may be dependent upon both target and environ-
mental variables. This would imply that the failure to find a relationship
between variations in search strategy and acquisition performance (as this
occurred in some instances) may have been in part due to the failure to
control relevant target and environmental variables.

Collectively, the results of the investigations designed to assess
the effects of duration of observation on target acquisition indicated
that when continuous operations involve the loss of sleep, performance
decrenents in completion of an active acquisition task can be expected.
However, when some opportunity for rest is allowed or sleep loss is not

very large, performance decrements are not likely for active acquisition.
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However, enperimental evidence was found which indicated that when the
acquisition situation approximates a vigilance task situation (in terms
of such factors as low signal rate), performance decrements may be expect-
ed, even when loss of sleep is not a factor.

Observer characteristics. Six observer parameters were considered

under this heading: visual acuity, color vision, age, height (above
ground level), past experience, and motivation.

Relatively little research has been conducted to investigate the ef-
fect of variations in observer visual acuity on acquisition performance in
ground-to-ground target acquisition situations. In particular, the pres-
ent review located only four studies relative to this problem area.
Collectively, the results of these studies indicated that as the level of
visual acuity is increased, target acquisition performance show progres-
sive improvements (i.e., more targets are detected sooner). This was found
to particularly true for targets located relatively near (less than 900
meters) the observer.

The review of studies involving color vision tend to i{ndicate that
variations in color vision do not contribute to the detection process in
natural field environments. However, it must be pointed out that only
two of the studies reviewed involved personnel with true color deficien-
cies. Only one of the studies involving color-deficient personnel studied
a ground combat detection situation and it employed only a few color-
deficient individuals. As a consequence, it would appear that additional
research is warranted concerning the question of the effect of variations
in color vision on acquisition performance in field situations. For such

research it would be appropriate to employ larger sample sizes of color-
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deficient observers in a wider variety of situatiors involving varying
military targets, both camouflaged and uncamouflaged. From this research
it would be possible to obtain a better measure of any effects of color
vision variations on detection performance. However, for the time being,
it would appear that the weight of the scientific evidence is against the
importance of this variable for target acquisition performance.

Very few studies were identified which addressed the effect of age
on visual performance. Overall, these studies indicated that age was a
factor in visual performance for only older (over 35 years) populations.
Thus, for military situations in which the observer population is rela-
tively young, age is not likely to be a factor in field acquisition perfor-
mance,

Taken collectively, the results of studies involving variations in
observer height (above ground level) clearly indicate that this parameter
is a significant factor in the acquisition process under both low and high
ambient light conditions. In general, it has been demonstrated that, as
elevation of the observer's head above ground is increcased from a prone
height to a standing height, acquisition performance wili show correspond-
ing improvements. MHowever, the level of ambient fllumination must be
somewhat above that of starlight for this relationship to appear. TFurther,
the magnitude of this effect will become greater as the terrain in which
observation 1s conducted becomes less cluttered and more open. That is,
as terrain and vegetation features, such as low brqsh. boulders, and minor
undulations of the ground, become less common, it can be expected that
increases in the elevation of the observer's head will be accompanied by

substantially greater improvements in his acquisition performance.
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With respect to the effect of past experience, the results of the

4 studies reviewed suggest that for either general experience or training

to be effective variables in the acquisition process, either the experi-

i ence or training must be exceedingly relevant to the task at hand. 1In

particular, it can be expected that variations in either experience or

training will be correlated with concomitant variations in acquisition

performance only to the extent that these variations are associated with

! the production of or the differential functioning of specific skills

4 which mediate the accomplishment of the acquisition task.

It is currently unknown what specific effects variations in motiva- t

tional conditions have on the acquisition process. However, relevant

field and laboratory research suggests that motivational factors may be ‘
important in this process. In particular, this research suggests that 1
r variations in certain individual dispositions may be associated with

} variations in the quality of visual task performance. Further, this re-
search indicates the variations in the motivational factors governing the
conditions of task performance for a visual task may also be assoclated
with variations in the quality of task performance. Since {t may be

ﬁ expected in a combat situation that changes in the motivational conditions
of combat personnel wi{ll occur as the conditions and expectations of con-

tact with the enemy change, it is important to know what effect a change

in motivational conditions will have on acquisition task performance. As
a consequence, this is an area that should receive some attention in future
research on the acquisition process.

Implications of the literature. The major purpose of this review was

to identify from the published research those variables which have been
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empirically shown to affect visual acquisition performance in ground-to-
ground target situations. Over 300 reports, books, and journal articles
were acquired and examined during the course of the search for materials
relevant to the visual acquisition problem. Eighty-four of these wera finally
selected for an intensive review. Analysis of this material yielded a
total of 24 variables which are likely to be important in the visual
acquisition process for ground-to-ground target situations. Table 2 lists
these variables according to the type of factor they represent, e.g.,
target characteristics, environmental characteristics, etc.

From an overall appraisal of the literature reviewed, it is possible

to draw several important conclusions. First, and most obvious, is the

e T

fact that the target acquisition process, in any given situation, is
governed by a wide variety of variables. These variables may act inde~-
pendently of each other or in conjunction with each other to affect the
process. For each of the variables considered in this review, it was
generally possible to state the impact of the variable on-the acquisition
process. As a consequence, it is most important for field researchers
working in this problem area to take the factors listed in Table 2, and
their likely effects, into account. This is most important during the
design and execution phases of any such research. It is only through

such a careful specification of target acquisition factors that the re-
sults of this type of research may be adequately interpreted and understood.
Further, researchers new to this problem area can ensure that their re-
search designs and experimental procedures will adequately address the
practical questions for which answers are desired. Finally, in some cases,
it may prevent researchers from unnecessarily covering research ground

which has already been adequately studied.
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Table 2. Behavioral Variables Affecting Ground-to-Ground
Visual Target Acquisition

L o e

STIMULUS VARIABLES
P Target Characteristics

Size
i Shape

Color Contrast
Brightness Contrast
Range

Duration of the Exposure
i Presence of the Motion
Speed

Environmental Characteristics

Condition of the Atmosphere
Level of Ambient Illumination
} Terrain
Vegetation
Location of Target in the Terrain
I1luminant Position
Ambient Temperature

Task Characteristics
Movement of the Observer
Size of Search Area
Practice

Search Strateqy
Duration of Observation

OBSERVER VARIABLES
Visual Acuity

Observer Height (Eye Level Above the Ground)

Past Experience and Trafning

Motivation
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Second, due to limitations of the state-of-the-art, it is for the
most part not possible to go beyond general statements concerning the ef-
fect of 1 particular acquisition parameter on target acquisition perfor-
mancé. This 1s because very few acquisition studies have been desipned
to evaluvate target acquisition performance as a function of many differ
ent levels of a given variable. Most of the research conducted in this
area has been "one-shot" in nature and designed to establish whether or
not a particular level or a limited set of levels of & given variable is
important in the acquisition process. Further, variations from one study
to the next in such factors as targets, terrain, illumination, target
duration, search techniques, and subject populations have been consider-
able. As a consequence, it was only possible to establish if a particular
variable was important in the process and the general conditions for which
this was true.

Third, as indicated in the body of the review, many of the variables
listed in Table 2 were found to interact with each other to affect the
outcome of the acquisition process in a given situation. Unfortunately,
due to the limitations of the target acquisition literature, it was not
possible to determine to what extent dependencies exist among all of the
variables in Table 2. However, since it is likely that such dependen-
cles do exist, it is important that the possibility of these dependencies
be taken into account during the design and execution of field research.

Fourth, there are many gaps in the target acquisition literature.
Research in the past has generally been undertaken to answer specific
questions posed by specific users. Different investigators have employed

procedures and target situations designed to answer these specific and
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generally limited questions. 1In other words, research has been guided
more by contingency than by principle. As a result, data are simply nut
available to predict acquisition performance from knowledge of the
parameters involved in a given situation. This does not mean that the
effects of some variables have not been investigated thoroughly, They
have, but others have been largely neglected. Thus, it is possible to
extrapolate results from one situation to another only in the most general
way.

The implication of these findings is clear. As discussed above, it
is possible from the literature to specify what independent variables are
likely to affect an observer's ability to successfully perform an acqui-
sition task in at least some situations. Further, in a general way, it
can be predicted what the nature of this difference will be, i.e., the
expected relationship between the independent variables and performance
can be specified at a general level. However, the state-of-the-art is
not at the point where it is possible to write some type of mathematical
expression that will allow a researchevr to make accurate predictions about
the effects and interactions of selected acquisition variables for all
specific acquisition situations. What is needed is a general theory of the
target acquisition process which is based on a logical and comprehenstive
program of empirica) research designed to provide definitive information
about (a) the relative importance of each target acquisition parameter,
(b) the exact mathematical relationshiys between performance and the
various acquisition paramcters for all parameters considered simultane-
ously, and (¢) the specification of the interactive effects of important

acquisition parameters over all relevant acquisition situations. With
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such a theory, the limitations identified by this review would cease to
exist and it would be possible to utilize the literature of this area

in a much more comprehensive manner than now is possible.

pel
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CHAPTER 3
THE THREAT ON THE MODERN BATTLEFIELD

The purpose of this chapter 1s to identify and deseribe the targets
and operational tactics likely to be encountered by US ground forces in a
future military conflict. In order to accomplish this objective, it was
necessary to make several assumptions with respect to (a) where and
against what military forces a future confliect would be fought by US
forces, and (b) at what level (low~, mid-, or high-intensity) such a con-
flict would be waged. An overview of current US military doctrine as
discussed in recent Field Manuals (FMs), Training Circulars (TCs), and
TRADOC Bulletins, e.g., FM 17-50,1 TC 7-24,% and TRADOC Bulletin 1 (u)>
suggests that Soviet/Warsaw Pact forces or forces equipped and trained by
the Soviet Union consiitute the primary threat for the US Army in the
near future. Further, due to the close proximity of US/NATO and Soviet/
Warsaw Pact forces in central and northern Europe, it is generally ac-
cepted that any major milicary conflict involving the US Army in the near
future would be centered in these areas. Finally, consideration of cur-
rent US and Soviet military doctrine (to be discussed below) suggests
that an armed confrontation between these nations will result in both

conventional (mid-intensity) and nuclear (high-intensity) engagements.

IFH 17-50. Attack Helicopter Operations (Draft), Department of the Army,

US Army Armor School, Fort Knox, Kentucky, October 1975.

20¢ 7-24. Antiarmor Tactios and Techniques, Department of the Army, US
Army Infantry School, Fort Benning, Georgia, 30 September 1975.

3TRADOC Bulletin 1 (U). Range and Lethality of US and Soviet Antiarmor

Weapone, Department of the Army, US Army Training and Doctrine Command,
Fort Monroe, Virginia, 30 September 1975.
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Operating under these assumptions, literature addressing the threat
posed by the Soviet/Warsaw Pact nations was soupht. Since it was desired
that this review be avaflable to the scientific coomunity as a whole,
this search was directed to the fdentiffcatfon of unclassified sources of
{information. FEven with this constratont, a wide vartety of hoth milfitary
and non-mi{litary publications was found which provided a relatively con-

sistent and complece description of Soviet/Warsaw Pact doctrine and

=

equipment. Therefore, the omi sfon of claszified sources from the review

18 not seen as detracting from the valfdity of the description of the

P

threat. From the review, it was possible to {dentify (a) the types of

ot

military ground targets US pround forces must acquire in a future US-
Soviet/Waraaw Pact confrontatfon, and (b)) the tactics and likely deploy-
ment of these targets in such a confrontation, The remafnder of this

chapter will be devoted to the discussion of this Information {n detall,

Threat Forces in Northern and Central Furope

The Soviet/Warsaw Pact ground forces currently deploved in northern
and central Furope (and In adjacent wentern USSR milftary districts) are
substantial, both in terms of numbers of personnel and divisions., For
exanple, Soviet forces in this area and in adjacent Soviet territory num-
ber approximately 610,000 troops. Non-Soviet threat forces (Fast German,
Polish, and Czechoslovakian forces) in this arca number approximately
300,000 troops. There fipures represent both combat and direct support
personnel, Thus, collectively, there are 910,000 Warsaw Pact troops ready

: 4
for comm{tment to a confrontatfon in northern and central Furope.

“"he Theatre Balance Between NATO and the Warsaw Pact," in The META tary
Balance 1974-1976, Inatitute Statf, The International Institute for
Strateptc Studies, London, Fagland, 1974, pp 95-102,
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Overall, these ground forces are organized into 70 divisions. Of

these, 43 are Soviet divisions, while the remaining 27 are Fast Cerman

T T T

an

(six divisions); Polish (13 divisions); and Czechoslovakian (eight
divisions) divisions. The bulk of the 43 Soviet divisions are stationed
in Eastern Europe (27 divisions), while the remaining 16 Soviet divisions
are stationed in nearby areas of western USSR, Thus, excluding the Soviet
forces located {n adjacent USSR territory, there are a total of 58 combat-
ready Warsaw Pact divisions (27 Soviet and 27 non-Soviet divisions)
available for immediate combat in northern and central Europe.5 Further,
these forces are, for the most part, armored or mechanized infantry. For
example, the 27 Soviet divisions in central Furope are split into 14
armored divisions and 13 mechanized infantry divisions. Czechoslovakian
forces are split into five armored divisions and three mechanized in-
fantry divisions. East German forces are split into two armored divisions
and four mechanized infantry divisions. Finally, Polish forces are split
into five armored divisions, six mechanized infantry divisions, and two
infantry/airborne divisions.6

However, these figures only reflect frontline combat power deployed
on the ground in normal peacetime circumstances. Assuming that Warsaw

Pact forces were to move reinforcements into this area and initiated

mobilization of first-line reserves, the above figures would be altered
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